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Source Code for the 001 Benchmark
and the AFIT Simulation

Benchmark

Timothy J. Hallorant

Abstract

This paper contains the source code for implementations of the 001 benchmark and the AFIT simu-
lation benchmark. 001 benchmark implementations are listed for the Itasca, Matisse, and ObjectStore
object-oriented database management systems (DBMS). An AFIT simulation benchmark implementatiou
is listed for the ObjectStore object-oriented DBMS.

1 Introduction

As part of research into the performance of current commercial object-oriented DBMSs, we developed imple-
mentations of the 001 benchmark and the simulation benchmark [21. The 001 benchmark is specified in [1].
The 001 benchmark is a generic measure of object-oriented DBMS performance. The simulation benchmark
is specified in [2]. The simulation benchmark examined the performance of object-oriented DBMSs in the
simulation domain. This paper contains the source code for threr implementations of the 001 benchmark
and one implementation of the simulation benchmark.

2 001 Benchmark

This section lists the source code for our implementations of the 001 benchmark. Implementations were
created for the Itasca, Matisse, and ObjectStore object-oriented DBMSs. Although several versions of these
implementations were developed for each object-oriented DBMS, only our final implementation is shown.

All three 001 benchmark implementations used the benchmark support software described in [2]. This
common code is not listed for each implementation

2.1 Itasca Implementation
This section lists the source code for the Itasca implementation of the 001 benchmark created for this
research. The implementation was created on version 2.2 of Itasca using the Itasca C++ API. The Itasca
001 benchmark source code builds one executable program, the bench program. The source files in this
implementation are shown in Figure 1. The files debug.hh, dice.hh, dice.cc, pmmkcg.h, pmmlcg.c, stopwtch.hh,
and stopwtch.cc are not listed, because they were described (with a full source code listing) in [2]. The
following subsections list the source code for the other files shown in Figure 1.

IThe author is with the Department of Electrical and Computer Engineering (AFIT/ENG), Air Force Institute of Technology,
2950 P ST, Wright-Patterson AFB, OH 45433-7765.



Makefile

-bench.cc

-connect.hh

-connect.cc

-debug.hh

-dice.hh

-dice.cc
-nullproc.hh

Itasc- nullproc.cc
001 Benchmark -ool.hh
Implementation ool .cc
Directory -parains.hh

part.hh

-part.cc

-pmmlcg.h

-pmmlcg.c

-schema.hh
-stopwtch.hh

-stopwtch.cc

-dbschema.dmp (lisp)

Figure 1: Itasca 001 Benchmark Source Code Files
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2.1.1 Makefile

The Makefile for the Itasca 001 benchmark source code is listed below.

cccucc

# If debug output is desired uncounent the "CCFLIGS" definition with
# "1-DDESUG" in it. Only one definition should be uncosmented.

OCCFLAGS--DDEBUG -g
CCFLAGSm

LDFLAGS u-Dstatic
INCLUDESm-I. -1/uor/itamcainclude
LIDS=-L/usr/itasca/lib -lltascacpp

all: bench

*(CCC) S(CCFLA1GS) SCINCLUDES) -cV

.cc.o:
*(CCC) $(CCFLAGS) $(INCLUDES) -c $

pemlcg.o: pinlcs.c poulcg.h

dico.*: dice.cc debug.bh dic..hh pumlcg.h

stopwtch.o: stopwtch. cc debug .hh stopvtch.hh Accesion For

nullproc.o: nullproc.cc dice.hh NTIS CRA& V 4

DTIC TAB El
part.o: part.cc; debag.hh aullproc.hh parans.bh schema.hh Unannounced

Justification
connect .0: connect. cc debug .hh schema.bh .............

001.0: ooi.cc debug.hh dice.bh nullproc.hh ooi.hh pazems.bh By
schea .h sopuch iiiDistributionI

bench.o: bench.cc ool.hh schena.hh debug.bhhAalbitCoe

bench: bench.o ooi.o part~o connect.o nullproc.o stoputch.o dic*.o puflcg.o
*(CCC) $(LDFLAGS) -o bench \Ds Avail a!,d jor
bench.o ooi.o part.o connect.o nullproc.o utoputch.o dice.o pmulcg.o \ it Special
$(LIBS)

clean: rm- *Ibec

2.1.2 bench.cc DTTC QUALMT INSPECTED 3

The source code for the file bench.cc is listed below. This file provides a driver for the benchmark. It consists
of a main program which connects to the Itasca database, then performs the benchmark operation specified
on the command line.

# #8 # ITASCA
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"Object Operations Benchmark" R.0.G. Cattell and J. Skeen
Sun Microsystems

1CM Transactions on Database System Vol. 17, No. 1, March 1992, Pages 1-31.

bench .cc

Air Force Institute of Technology
Timothy J. Halloran
26 Jul 1993

This program performs all the benchmark measurements for the 001 benchmark.

The following benchmark operations are supported: database creation (and

load), lookup, forward traversal, reverse traversal, insert, and database

clear (and destroy).

Revisions:
20 Aug 1993 -TJH- Changed out random number generator.

*/

Sinclude<stdio.h>
Sinclude<stdlib .h>

*include<debug.hh>
Sinclude" schema .hh"
sinclude"eool. hh"

#define TRUE I
#define FALSE 0

main( int argc, char *eargv)
{

DEBUGINUT( "MAIN" , "main" );
DEBUG.OUT( "entering", 1 );

// check the command line arguments
if ( argc < 7 ) {

fprintf( stderr, "bench [operation] [db server] (usernameJ "

"[password) [0 of parts] [random stream]\n" );
return 1; // exit the program

}
char *operation a argv[1);
if ( !( !strcmp( operation, "load" ) II strcxp( operation, "lookup" )

'strcmp( operation, "ftrav" ) ! 'strcmp( operation, "rtrav" )
:strcmp( operation, "insert" ) ! :strcmp( operation, "clear" ) ) ) {
fprintf( stderr, "ERORK[mainJ the operation must be \"load\", \"lookup\",

"\"ftrav\", \"rtrav\", \"insertV", or \"clear\"\n" );
return 1; // exit the program

}
char edb.server a argv[2];
char eusername a argv[3];
char *password a argv[4J;
int aum.aparts a atoi( argv[5J );
if ( ( numoparts != 20000 ) U ( num.parts !- 200000 ) )

fprintf( stderr, "VWAING[mainj the number of parts is not 20,000 or 200,000\n" );

int stream - atoi( argv[ie );
if ( ( stream < 1 ) 11 ( stream > 100 ) ) {

fprintf( stderr, "EUROR[main] the stream is not between 1 and 100\n" );
return 1; // exit the program

}

// output a program title

printf( "001 BENCHMARK [ITASCA] Air Force Institute of Technology\n" );
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printt( " Itasca database user \"%s\" on %s with %d parts (random stream %d) .\n".
username, db.server, num.parts, stream );

// open a connection to the Itasca database
it ( ITASCA: :connect( db.sarver, "itasca-interface", username. password ) ) {

fprintf( stderr, "ERROR[ainj] unable to connect to database \"%s:%s\" on %s\n",
usermase, password, db-server );

return 1; // exit the program
I

II create a single 001 benchmark object
ool ool.benchmark( mum.parts, stream );

// perform the benchmark measurement requested on the command line
it ( !strcmp( operation, "load" ) ) {

printf( " LOAD\n" );
ool.benchmark.load( );

I
else if ( !strcmp( operation, "lookup" ) ) {

printf( " LOOKUP\n" );
ool_benchbark .lookup.measure ( );

}
else if ( !strcmp( operation, "ftrav" ) ) {

printf( " FORWARD TRAVERSAL\n" );
ool.benchmark forvard.traversal.measure ( );

I

else if ( !:trcmp( operation. "rtrav" ) )
printf( " REVERSE TRAVERSAL\n" );
ool-benchmark. reverse.traversal..masure ( );

I

else it ( !atrcmp( operation, "insert" ) ) {
printf( " INSERT\n" );
ool.benchmark.insert.measure( );

I
else it ( !strcmp( operation. "clear" ) ) {

printf( " CLEAR\n" );
oei.benchmark.clear( );

I
ITASCA::coait( );
ITASCA: :disconnect( );

2.1.3 connect.hh

The source code for the file connect.hh is listed below. This file defines function prototypes for the C++ class
methods of the OolConnection class. The OolConnection class is fully defined in the file schema.hh. The
connect.hh file is included into the file schema.hh during the definition of the OolConnection class. Itasca
Customer Support recommended including definitions of C++ class methods, rather than just adding them
directly to the schema.hh file (as is recommended in the Itasca documentation [3]) to simplify maintenance.

sifndef __CONNECT.JB
#define ._CONIECTji
/0

8 88 # • 8 ITASCA
* 88 8 8

8## 88 8 8•8



"Object Operations Benchmark" .GO.G. Cattell and J. Skeen
Sun Microsystems

ACM Transactions on Database Systems Vol. 17, No. 1, March 1992, Pages 1-31.

connect .hh

Air Force Institute of Technology
Timothy J. Halloran
26 Jul 1993

This file only contains the function prototypes for the connect class
methods. This file is included by the "schema.hh" file (which was
automatically generated by Itasca). Use of this file ensures that the
changes necessary to the "schema.hh" file are not lost each time it is

regenerated.
C'

void set.OolConnection( OoPert enew-from, OolPart onev.to,
char enev type, int neo.length);

void clear..OolCounection( );

S.ndif __CONNECT..H

2.1.4 connect.cc

The source code for the file connect.cc is listed below. This file implements the non-persistent methods for
the OolConnection class. The OolConnection class is fully defined in the file schema.hh.

so#** *so*# #
S 9 9 8 85

I #8 6 #6
* 6 # 8 ITASCA

# 89 869
9 9 #

so##* 9t09t so#**

"Object Operations Benchmark" R.G.G. Cattell and J. Skeen
Sun Microsystems

ACM Transactions on Database Systems Vol. 17, No. 1, March 1992, Pages 1-31.

connect. cc

Air Force Institute of Technology
Timothy J. Halloran
26 Jul 1993

9include<dobug.hh>

9include"schema.hh"

void OolConnection::set_0oiConnection( o•1Part *new-from, OiPart *new-to,

char enew.type, int new.length)
{

DEBUGINIT( "CONNECTION" , "OolConnection: : set.OolConnection" );
DEBUGOUT( "entering", 1 );

from = neowfrom;
from->connectedTo.addToSet( this ); I/ also set the inverse
to newe.to;
to->connectedFrom.addToSet( this ); // also set the inverse

type W new.type;
cLeneth a ne..longth;

}

II//l//l/ll//l///ll///l/lll/ll/ll/ll/ll//l//l//6



void OolConn-ction: :clear.OolConnection( )
{

DEBUG.INIT( "CONNECTION" , "OolConnection:: clear.OolConnection" );
DDBUG.OUT( "entering", 1 );

from->connectedTo. renovefro.Set ( this );
to->connectedFrow.remov*ProuSet( this );

}

2.1.5 nuflproc.hh

The source code for the file nullproc.hh is listed below. This file defines the null procedures which are required
to be called at certain points in the 001 benchmark.

8ifndef _.NULLPROC.-H
8def in. ._NULLPRC._HH
/*

80 t S# #
# • 8 8 ##

t • # 0 8

* 83 8 0 ITASCA

99* 9#0* so*#* St S •

"Object Operations Benchmark" R.G.G. Cattell and J. Skeen
Sun Microsystems

ACM Transactions on Database Systems Vol. 17, No. 1, March 1992, Pages 1-31.

nullproc .hh

Air Force Institute of Technology
Timothy J. Halloran
19 Jun 1993

Revisions:
01 Jul 1993 -TJB- The function "null-procedure.liO" was changed to

"null.procedure".
*/

void null.procedure( int x. int y, char *type );
void null.procedure.get.x.y( int& nev.x, intS new.y, int stream );
Sendif ._MU.LPROC.aH

2.1.6 nulproc.cc

The source code for the file nulproc.cc is listed below. This file implements the null procedures which are
required to be called at certain points in the 001 benchmark.

',

t** too#$ it

* 88 8 ##

* 8 5 8 ITASCA

"Object Operations Benchmark" R.G.G. Cattell and J. Skeen

Sun Microsystems
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ACM Transactions on Database Systems Vol. 17, No. 1, March 1992, Pages 1-31.

nullproc .cc

Air Force Institute of Technology
Timothy J. Halloran
19 Jun 1993

Revisions:
01 Jul 1993 -TJN- The function "null.procedure.10" was changed to

"null.procedure".
*/

•include<stdio .h>

Sinclude<dice .hh>

#define TRUE I

#define FALSE 0
static int debug a FALSE;

void null.procedure( int x, int y, char *type
{

// this procedure does nothing (a null procedure)

// (a special debug scheme is used here so that even a very smart
// compiler will still make this procedure call)
if (debug)

printf( "[nullnprocedure] %5d •5d Ws~n", x, y, type );

void null.procedure-get.x-y( intk new.x, int& nev.y, int stream
{

nov.x a (int)roll( 0, 99999, stream );
new.y a (int)roll( 0, 99999, stream );

}

2.1.7 ool.hh

The source code for the file ool.hh is listed below. This file defines the 001 class. This class implements
the benchmark measurements and reporting functions required by the 001 benchmark. The 001 class is
non-persistent.

#ifndef .. _OO1_i..

#define ._O.01..H
/*

8 #8 8 8

* #8 8 8
* 38 8 # ITASCA

8 #3 $
#** #8 ## 8 8g

"Object Operations Benchmark" R.G.G. Cattell and J. Skeen
Sun Microsystems

ACM Transactions on Database Systems Vol. 17, No. 1, March 1992, Pages 1-31.

ool .hh

Air Force Institute of Technology
Timothy J. Halloran
26 Jul 1993

*/



*include "pare. .hh"

struct benchmark.resultstype f

double elapsed.tim.;
double normalized.elapsed.tim;
int num.parts.connectod;

1;

class 0ol {
int num..nodes.visitod-in.forward.traversal;

int num.parts;
bonchmark.results-.type results[NUNBENCBMARK.ITERATIONS];

int stream; // for the random number generator
OolPart *create.a.part( int part.id );
void create.-connections( DolPart *db..part, int num.parts );
void report.results( int measurement );

public:
ool( int nuu-parts, int stream );

void clear( );
void forward-traversal.measure( );
void insertmeasure( );
void load( );
void lookup-measure( );
void reverse.traversal-measure( );

#endif ._OOIHN

2.1.8 ool.cc

The source code for the file ool.cc is listed below. This file implements the 001 class. This class implements
the benchmark measurements and reporting functions required by the 001 benchmark. The 001 class is
non-persistent.

/.

*o#Sf S###* #

9 8# # 88

# 8 9 # ITASCA
8 88 8 8

* 81e • 8 88•

"Object Operations Benchmark" R.G.G. Cattell and J. Skeen

Sun Microsystems
ACM Transactions on Database Systems Vol. 17, No. 1, March 1992, Pages 1-31.

ool.cc

Air Force Institute of Technology
Timothy J. Kalloran
26 Jul 1993

Revisions:
19 Aug 1993 -TJN- Changed the "reportoresults( )" function to provide more

concise output.

20 Aug 1993 -TJH- Changed out random number generator.
21 Aug 1993 -TJH- Changed the "load( )" function to perform intermediate

commits (rather than trying to load the entire database
in a single transaction). Loading the entire database
was causing this program to use to much system memory.

07 Sep 1993 -TJH- Changed the code to fix several memory leaks. ITASCA
does not manage the transient memory associated with
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persistent objects as well as I thought, the application
is responsible for freeing it in most cases.

*/

sinclude(stdio.h>
#includeostdlib.h>
*include<tim. .h>
oxtern "C" int strftime(...); // not defined in the <timae.h> header file
Sinclude<dice .bh>
*include<stopwtch .hh>

*include~debug.hh)
vinclude"schema .hh"

Sinclude"ool.hh"
8include"nullproc .hh"

#include"param.hh"

enum { INSERT, FORWARD-TRAVERSAL, LOOKUP, REVERSE.TRAVERSAL };
static char *part-types[1O] a f

"part-typeO", "part-typel", "part-type2", "part-typ3"', "part-typ*4".
"part-typeS", "part-type6", "part-type7", "part-type8", "part-type9"

ool::ool( int num.parts, int stream)

DEBUGINIT( "001" , "ool::ool" );
DEBUG-.OUT( "entering". 1 );

// save the number of parts in the database
this->num.parts = num-parts;

// save the stream number for use with the random number generator
this->stream a stream;

// calculate the number of nodes which will be visited in a forward traversal
// (this value will be used to normalize the measurements

// from the reverse traversal)
int nodes.at-current-level a NUM-CONNECTIONS;
num.nodes.visited.in.forward.traversal = 1 + NUMCONNECTIONS;
for ( int i = 2 ; i <= TRAVERSAL.DEPTH ; i++ )

nodes-at-current-level *a NUN-CONNECTIONS;
num.nodes-visited.in.forward.traversal += nodes at.current..level;

}
DEBUG.OUT( sprintf( BUG, "number of nodes which will be visited in the "

"forward traversal %d", num-nodes.visited.in-forward.traversal ), 2 );
}

void ool::clear( )

DEBUG.INIT( "001" , "ool::clear" );
DEBUGOUT( "entering", 1 );

OolPartClassObj act part-class;
OolConnectionClassObject connection-class;

part-class.pDelete( "t" ); // delete all the parts
connection-class.pDelete( "t" ); // delete all the connections

ITASCA::commit( );

// note that this procedure doesn't delete the schema
DEBUG.OUT( "all parts and connections deleted (but the schema remains)", 2 );

I

OolPart *ool: :create-a-part( int part-id ) // private

10



DEUUG-INIT( "1001"1 "ool::croate-a..part" )
DEUIG..OUT( "entering", 1 )
OolPert *noe-part;
int n01.x;
lint nev..y;
char tezt..build.date(10J;

// create a new part in the database
char *new.type - part -types [roll ( 0, 9, stream )3;
null-proceduro-got..x-y( neu-x, nev-..y stream ); // null procedure
long nev..build-datetime n roll( JAN-1-198O, JAN-.L1990, stream )
struct tm *Rew-tm-timedate - localtimo' knev.build..datetlae )

DEBUGOUT( sprintf( BUG, "adding part %d (%s %Xid %6d U%)"
part-id, now-type, new-. neu~y, text-build.date ), 2 )

now-part - new OolPaLrt;
it ( !new..part->Okay( ) ) f

fprintf( stdorr, "ERRORCool:: :create-&-.partJ Itasca failed to create
"part number Xd\n", part..id )

ITASCA::abort( );
ITASCA: :disconnect( )
exit( I )

new..part->setOoiPart( part..id, new-.type. new-x, new..y. new..build-datatiue )
return( now-.part )

void 001: :create-.coumec'ions( OolPart *db-part, mnt num..parts ) Iprivate

DEBUG.INIT( "001" , "ool::create..connections" )
DEBUG..OUT( "entering". 1I)
mnt cpart..id;
OolPart *db-cpart;
DolConnection enew..connection;
imt now-.length;
char *new-type;
char query..expression[soj;
mnt status;

// create NUN-LCONNECTIONS from the part "db..part"
for ( mt c a I ; c <- NUM..CONNECTIONS ; c++ ) f

if (roll( 1, 10, stream ) > LOCALITT..OF..REFERENCE
II90% of the time create connection to the closest 1% of parts
II(this is true when "LOCALITT..OF..REFERENCE" is equal to 1)

cpart..id a db-part->id + (int)roll( 1, (long)( num..parts /100 ),stream)
I - (int)( num-parts / 200 );

"I"double up" at the ends (to stay in the part id range)
if ( cpart-id < (int)( nuin-parts / 200 ) )

cpart..id - cpart.Ad + (int) ( nuin.parts / 200 )
if ( cpart..id > ( num-parts - (int) ( niurn.parts I200)))

cpart..id a cpart..id - (int)( num..parts / 200 )

else{
10%lO of the time create connection to any part 1..num..parts

II(this is true when "LOCALITY..OF..REFERENCE" is equal to 1)
cpart..id - (int)roll( 1, (long)num-parts, stream )

IIcreate the connection in the database
IIlookup the part we are connecting to with an Itasca query

db-cpart - NULL;
sprintf( query-.expression, "(equal id %d)", cpart-id
status a OolPart: :selecthny( kdb..cpart,

WJERY-EXPRESSION. query-expression,



IND..AGS );
if ( ( status !u ITASCAOK ) II ( db.cpart - NULL ) )

fprintf( stdorr, "ERROR Cool:: :create.*connections] Itasca fai led query\n" );
ITASCA::abort( );
ITASCA: :disconnect( );
exit( I );

}
new.type - part-types[roll( 0, 9. stream )];
new-length a (int)roll( 0, 99999, stream );
DEBUG.OUT( sprintf( BUG, "connecting part %d to part %d (%a Mid)".

(int)db.part->id, (int)db-cpart->id, neo.type, new.length ), 2 );
now-connection = new OolConnection;
if ( !new.connection->Okay( ) ) {

fprintf( stdorr, "ERROR eoo: :create._connections] Itasca failed to "
"create a connection\n" );

ITASCA::abort( );
ITASCA: :disconnect( );

exit( I );
}
new.connection->set.OolConnaction( db.part, db.cpart, new.type, neowlength );

/1 the application must remove transient memory associated with
// persistence objects
delete new.-zonnection;
delete dbcpart;

}

void el1: :forward.traversal.measure(
{

DEBUG.-IIT( "001" , "ool: :forvardxtraversal.measure" );
DEBUG.OUT( "entering". 1 );
OolPart *db-part;
int part-id;
char query-expression80];
int status;

// run the benchmark iterations
for ( int i n 1 ; i <a NUNBENCHMARK.ITERATIONS ; i++ )

// start the timer
stopwatch traversal.timer;
ITASCA::commit( ); // start a new transaction
traversal-timer.start( );

for ( int j w I ; j <- NUNFORWARD.TRAVERSAL ; j++ ) {

// lookup a random pt.-t
part-id - (int)roll( 1, (long)num.parts, stream );
// lookup the part with an Itasca query
sprintf ( query-expression, "(equal id Ud)", partid );
status * OolPart::selectAny( *db.part,

QUERY-EXPRESSION, query-expression,
END.ARGS );

if ( ( status != ITASCAOK ) [I ( db-part -= NULL ) ) {
fprintf( stderr, "ERROR[ool: :forward.traversalmeasure) Itasca failed "

"queryWn" );
ITASca::abort( );
ITASCA: :disconnect( );
exit( 1 );

// find all the parts connected to this part (up to TRAVERSAL-DEPTH)
results[i - 1) .num..parts.-connected - db.part->forward.traversal( 0 );

12



DEBUGOUT( sprintf( BUG, "found %d parts connected to part %d",
results[i - 1] .num.parts -connected, (int)db.part->id ), 2 );

// the application must remove transient memory associated with
// persistence objects
delete db.part ;

s atop the timer and save the elapsed time
ITISCA::coi€mit( );
results[i - 1] .elapsed-time a traversal-timer.stop( );

// report the benchmark results
report-results( FORWARDTRIVERSAL );

}

void oo1: :insert_meazure( )

DEBUG.INIT( "001" , "0ool: :insert-measure" );
DEBUG-0UT( "entering". 1 );
OolPart edb-pert;
Iboolean deleted;
ItascaSet part-set;
char query-expression[80];

int status;

// run the benchmark iterations
for ( int i a I ; i <- NUL.BENCHMARK.ITERATIONS ; i+* ) {

/ start the timer
stopwatch insert.timer;
ITASCA::commit( ); // start a now transaction
insert.timer.start( );

1/ insert parts into the database and call a "null" procedure
// to get the x and y position for each insert
// (the "null" procedure is called by the "createa..part( )" function)
for ( int p a num.parts + I ; p <a num.perts 4 NUM-INSERT ; p÷+

create.connections( create.a.part( p ), p );

// stop the timer and save the elapsed time
ITASCA::commit( );
resultse[i - 1) .elapsed.time = insert-timer.stop( );

// remove the inserted parts and connections
int largest-original-part.id = num-parts;
OotPertClassObject part~class;
// determine the extra parts with an Itasca query
sprintf( query.expression, "( > id Ud)", largest.original.part.id );
status = OolPart::select( part.set,

QUERY.EXPRESSION, query..xpression,
END.ARGS );

if ( ( status !w ITASCA.OK ) [[ ( part.set.size( ) 3= 0 ) ){
fprintf( stderr, "ERRORCool: :insert.measure] Itasca failed query\n" );
ITASCA::abort( );
ITASCA: :disconnect( );
exit( I );

}
DEBUGOUT( sprintf( BUG, "now %d extra parts in the database",

part-set.size( ) ), 2 );
// delete all the extra parts (and corresponding connections)
0olPartSetlterator iterator( part.set );
while ( db-part a iterator( ) )
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db..part- >clear- Oo Part( ;I clear the pert for delete
db-part->deleteObject( &deleted )
if ( !deleted ) I

fprintf( stderr, "ERROR[oo 1: :insert._measure] Itasca failed delete\n" )
ITASCA::abort( );
ITASCA: :disconnect( )
exit( 1 )

ITASCA::commit( )

IIreport the benchmark results
report-results( INSERT )

void ool::load()

DEBUG..INIT( "001"1 , "o01: :load" )
DEBUG-O~UT( "entering", 1I)
OolPart *db..part;
ItascaSet part-.set;
int status;

// time the creation of the 001 database
stopwatch db-creation..timer;
ITASCA::commit( ); // start a new transaction
db-creation..timer.start( );

// create "lnum..part" parts
DEBUG-OUT( "creating parts". 2 )
for ( int p a 1 ; p <8 gum-.parts ; p++

delete create..a.part( p )
if ( !( p % NUM-LCOMMIT)){

ITASCA::commit( );
DEBUG..OUT( "performing commiit", 2 )

IIcreate an index to optimize lookup by part id
OolPartClassObject part-.class;
part-class.makelndex( 'lid", END-ARGS )

// create connections for each part
status - OolPart::select( part-.set, END..ARGS )
if ( ( status !a ITASCA.01 ) I I ( part-.set.size( 0 m ))

fprintf( stderr, flAEROR~ool::loadJ Itasca failed query\n" )
ITASCA::abort( );
ITASCA: :disconnect( )
exit( 1I)

p a 1; // reset the counter for commits
OolPartSetlterator iterator( part-set )
while ( db..part = iterator( ) ) {

create..connections ( db..part, num..parts )
if ( !( p++ % NUN-COMMIT)){

ITASCA::comuit( );
DEBUG-OUT( "performing commit".* 2 )

IIreport the time it took to load the database
ITASCA::commit( );
double total-elapsed-time a db..creation..tiuer.stop( )
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printf( " %.3f sec\n", total elapsed.time );
}

void ool ::lookup.measure( )
{

DESUG.INIT( "001" . "oo1: :lookup-measur." );
DEBUG.OUT( "entering", I );
ColPart *db.part;

imt part.id;
char query.expression[SO];
int status;

// run the benchmark iterations
for ( int i a 1 ; i <a NUNBENCBMARK.ITERATIONS i++ ){

// start the timer
stopwatch lookup.timer;
ITASCA::commit( ); // start a new transaction
lookup-timer.start ( );

// lookup parts in the database and call a null procedure for each lookup
for ( int j a 1 ; j <= NUN-LOOKUP ; j++ )

// lookup a random part
part.id a (int)roll( 1, (long)num.parts, stream );
// lookup the part with an Itasca query
sprintf ( query-expression, "(equal id %d)", part.id );
status = OolPart: : selectiny( &db-part,

QUERY-EXPRESSION, query.expression,
END.ARGS );

if ( ( status = ITASCA.OK ) I ( db-part as NULL ) ) {
fprintf( stderr, "ERROR[ooi: :lookupmeasure] Itasca failed query\n" );
ITASCA::abort( );
ITASCA: :disconnect( );
exit( 1 );

}

DEBUG.OUT( sprintf( BUG, "looked up part %d", (int)db.part->id), 2 );

// call the required null procedure
null.procedure( db.part->x, db.part->y, db.-part->type);

// the application must remove transient memory associated with
// persistance objects
delete db.part;

// stop the timer and save the elapsed time
ITISCA::commit( );
results[i - 1] .elapsed.time a lookup.timer.stop( );

// report the benchmark results
report.results( LOOKUP );

I

void oel: :report.results( int measurement ) // private

{// two debug INITs used in this function so hide this one from the other
DEBUG.INIT( "001" , "ool: :report.results" );
DEBUG.OUT( "entering", 1 );

}
double coldelapsed..tlme;
double total-aftor.first-itoration = 0.0;
double warmelapsed.time;
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IIreport the benchmark results
DEBUG..IUIT( "RESULTS" . "001: :report..reaultu" )

// determine the cvld time
if (measurement as REVERSE..TRAVERSAL)

IIthe reverse traversal times are normalized
cold .elapsed.time a resultsa [03 .normalised..elapsed.t ins;

else
cold .elapsed..time * result [03 .*lapsed..time;

IIcalculate the warm time
for ( int i a 1 ; i <= NUM..DENCIKARX-ITERATIONS ; i++

/1output detailed results if the "RESULTS" environment variable is set
IIto at leasnt a level of 1 (i.e. setenv RESULTS 1)

DEBUO..OUT( sprintf( BUG. "iteration %2d elapsed time %.3f sec". 1,
results Li - 13 elapsed-time ), 1 );

if ( measurement as FORVARD..TRAVERSAL){
DEBUG-.OUT( sprintf( BUG, "(parts found1)"

results Li - 1) .num..parts..connected 1,I)
I
if ( measurement -- REVERSE-.TRAVERSAL){

DEBUG..OUT( sprintf( BUG, "(parts found 2d normalized time %.3f sec)",
results~i - 1) .num~parts..connectod,
results Li - 13 .normalized..elapsed..time ), 1I)

IIadd up the elapsed times (for all iterations after the first)
if (Q !a 1)

if ( measurement -a REVERSE..ThAERShL)
total..after..first..iteration +0 results~i - 1) .normalize&.elapsed..time;

else
total-after-first.itarat ion +a results Li - 13 .elapsed..time;

varm..elapsed..time = total-after..first..itaration/ NUM..BENCIRARK..ITERATIONS - 1 )

// output a quick summary of all the times
for ( i a 1 ; i <- NUM..DENCUXAI1KJTERATIOIS ; i++

printf ( 1 %7. 3f". results Li - 1] .elapsed..time )

/1output the cold and warm results
printf ( "C %7. 3f", cold .elapsed..time )
printf ( " %17. 3f\n". vsrm..elapsed..time )

veid aol: :reverse-traversal.meanure()

DEDUG.INIrr( "0011" , "001: :reverse.traversal..measure" )
DF3UG..OUT( "entering", 1 )
GOiPart *db-part;
mnt part..id;
char query..expression[SO);
mnt status;

// run the benchmark iterations
for ( mnt i a 1 ; i <= NUILDENCIOUADI..IERATIOIS ; i++)

// start the timer
stopwatch traversal-timer;
ITASCA::commit( ); // start a new transaction
traversal..timer .start( );

for ( mnt j = 1 ; j <= NUN..REVERSE..TRAVERSAL ; J+*)
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// lookup a random part
part.id - (int)roll( 1. (loag)num-perts, stream );
// lookup the part with an Itasca query
sprintf ( query-oxpressiom. "(equal id Ud)", pert.id );
status u OolPart: :selectAny( &db.part,

QUza.uIPuRSSION, query-expression,
END.-ARCS );

if ( ( status !- ITASCAOK) II (db.part -- NULL) ) {
fprintf ( stderr, "'EUUO[ool: :reverue.traversal.masureJ Itasca failed "

" query\n" );
ITASCA::abort( );
ITASCA: :disconnect( );
exit( 1 );

}

// find all the parts which connect to this part (up to TRAVERSIL.-DEPTE)
results [i - 1J .num.parts-connected a db.part->reverse.traversal( 0 );
DEBUG.OUT( sprintf( BUG, "found %d parts which connect to part %d",

results[i - 1) .nun.parts.connected, (int)db-part->id ), 2 );

// the application must remove transient memory associated with
// persistance objects
delete db.part;

// stop the timer and save the elapsed time
ITASCA::commit( );
results[i - 1J .*lapsed-time = traversal.timer.stop( );
// the results for the reverse traversal are normalized so that they
// may be compared to the forward traversal
// (multiply the time by num.nodes.visited.Lin.forwsrd.traversal/N,
// where I is the number of nodes actually visited in the reverse
/I traversal)
results[i - 1] .normalized.elapsed.time u results~i - 1] .elapsed..tie m

( (double)num-nodes.visited.in_forward~traversal /
(double)results[i - 1J .num.parts.connected);

// report the benchmark results
report-results( REVERSE.TRAVERSAL );

}

2.1.9 paranms.hh

The source code for the t'-- )arams.hh is listed below. This file defines several constant parameters which
the 001 benchmark implementation requires.

Oifndef .PARANMSjH
*define ..PARANS.-n

188 *• e e#s• *
S St S 8t

S #e •

* • # 8 ITASCA

"Object Operations Benchmark" R.G.G. • .4-L' %d J. Skeen
Sun Microsystems
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ACH Transactions on Database Systems Vol. 17. No. 1, March 1992. Pages 1-31.

param-. hh

Air Force Institute of Technology
Timothy J. Ealloran
26 Jul 1993

levisions:
21 Aug 1993 -TJU- Added Itasca specific parameter "NUM-.COMMIT". This

parameter specifies the number of parts (connections)
which will be created during the load operation before
a comit is done.

*/

// definition of the number of connections for each part (3 for 001)
*define NUN-CONNECTIONS 3
// definition of the depth of the forward and reverse traversals (7 for 001)
*define TUAVERSAL.DEPTH 7
// definition of the locality of reference value (1 for 001 which means that

90 %OX of the connections are randomly selected among the 1% of the parts
1/ which are closest (in terms of part id), and the rest of the connections
// are made to any randomly selected part.
#define LOCALITT-OF.REFERENCE 1
// definitions to create a 10 year range of dates
#define JAN-l11980 315550800
#define JAN..11990 631170000
// 001 benchmark parameters
#define NUM.BENCEMARKIUITEATIONS 10
#define NUN-LOOKUP 1000
#define NUM.FORVWAD..TRAVRSAL 1
Idefine NUNM..REVE.STRAVERSAL 1
#define NUN.INSERT 100
// Itasca parameters
#define NUM.COMNIT 100
gendif .. PARAMS.-n

2.1.10 part.hh

The source code for the file part.hh is listed below. This file defines function prototypes for the C++ class
methods of the OolPart class. The QolPart class is fully defined in the file schema.hh. The part.hh file
is included into the file schema.hh during the definition of the OolPart class. Itasca Customer Support
recommended including definitions of C++ class methods, rather than just adding them directly to the
sehema.hh file (as is recommended in the Itasca documentation [3]) to simplify maintenance.

*ifndef __PART..IE
*define .. PARTNHI
/*

$•• #88 0

* # 6 6 8 ITASCA

66668 666 666

"Object Operations Benchmark" R..00. Cattell and J. Skeen
Sun Microsystems

ACM Transactions on Database Systems Vol. 17, No. 1, March 1992, Pages 1-31.

part.hh

Air Force Institute of Technology
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Timothy J. Ralloran
26 Jul 1993

This file only contains the function prototypes for the part class
methods. This file is included by the "schem•.hh" file (which was
automatically generated by Itasca). Use of this file ensures that the
changes necessary to the "schema.hh" file are not lost each time it is
regenerated.

*/

void set.OolPart( int ne..id, char *neowtype, int ne..x, int neowy, long neowbuild );
void clearOolPart( );
int forward-traversal( int current-level );
int reverse-traversal( int current-level );
Sendif ....PART.

2.1.11 part.cc

The source code for the file part.cc is listed below. This file implements the non-persistent methods for the
OolPart class. The OolPart class is fully defined in the file schema.hh.

/,o

S 5 5 S ITASCA
* ## S S

8 0 # #

so$#* 8#StS #0#99

"Object Operations Benchmark" R.G.G. Cattell and J. Skeen
Sun Microsystems

ACM Transactions on Database Systems Vol. 17, 1o. 1, March 1992, Pages 1-31.

part .cc

Air Force Institute of Technology
Timothy J. Halloren
26 Jul 1993

ginclude<stdlib .h>
#include<debug. hh>
8include"schema .hh"
#include"nullproc .hh"
Sinclude"paramo. hh"

void OolPart: :soetOolPart( Int neowid, char *ne.type. int new.z, int now-y.
long neowbuild)

{
DEBUG.INIT( "PART" , "OolPart: :set.OolPart" );
DEBUGOUT( "entering", 1 );

id a new.id;
type - neowtype;
z - new.x;
y * new.y;
build a (int)new.build; // int and long are both 4 bytes on sun4

}

void OolPart: :cloar.OolPart( )
{

DEBUG.INIT( "PART" , "OolPart: :clearOolPart" );
DEBUG.OUT( "entering", 1 );
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OoiConnection 0c;
rboolean deleted;

DUBUG..OUT( oprintf( BOG, "clearing part %d", (int)id ), 2 )

DEBUG..OUT( sprintf ( BUG. "deleting the %d \"connected..to\" connections".
connectedTo->size( ) ), 2 );

IIdelete all the connections from this part to other parts

OolConmectiomSetlterstor itorator( this->connectedlo )
while ( c a iterator( ) ) f
c->clear..Oo1Connection( ); // clear the connection for delete
c->deleteObjeet ( kdeloted )
if ( !deleted ) {

fprintf( stderr, "ERROR[OoiPart::clearOo1Part1 Itasca failed deleto\n" )
ITASCA::abort( );
rTASCA::disconnect( )
oxit( I )

DEBUG-OUT( sprintf( BUG,. "deleting the %d \"1connected..froW\ connections".
connectedlrom->size( ) ), 2 );
IIdelete all the connections to this part from other parts

OolConnectionSetlterator itorator( this->connectedFrom)
while ( c a iterator( ) ) I

c->clearOolConnection( ); // clear the connection for delete
c->deleteObject( Adeleted )
if ( !deleted ) {
fprintf ( stdarr, "ERU0I(OolPsrt::clear..OoJLPart] Itasca failed delete\n" )
ITASCA: :abort ( );
ITASCA: :disconnoct( )
omit( I )

int OolPart: :forward..traversal( int current-level )

DEBUGINIT( "PART" , "OolPart: :forward-.traversal" )
DEBUG..OUT( "entering', 1 )
DoiConnection sc;

DEBUG..OUT( sprintf( BUG, "part id %6d (level %d11,
(int)this->id, current-.level ), 2 )

/1call the required null procedure
null-procedure( this->x, this->y, this->type )
int num-parts-connected a 0;
if ( current-level < TRAVKRSALDDPTH){

OolConnectianSetlterator iterator( this->connectedTo )
while ( c a iterator( ) ) {

nun..parts-connected += c->to->forward..traversal( current..level 1 )

return ( nua-parte-connected. + 1

int Oo1Part: :reverse~traversal( mnt current-level)

DEBUGIUXT( "PART" , "GoiPart: :reverse..traversal" )
DEBUG..OUT( "entering", 1 )
OolConnoction *c;
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DZBUG.OUT( spriatt( BUG. "part id %6d (level A)",
(int)tAias->id, curreat.-levl ). 2 );

// call the required null procedure
null..procedure( tkis->z, this->y. this->type );
int umoperts-comected n 0;
it ( current-level < TRAEVZSAL_D.PTI ) {

OolCoanectiomSetlterator iterator( this->connectedFroa);
while ( c a iterator( ) ) {

auia.parts.ccmsected - c->frem->reverse.traversal( current-level 1 );
)

I
return ( mu.parts-cfnnected + 1 );I

2.1.12 schema.hh

The source code for the file schema.Ih is listed below. This file contains the definitions of all the C++ classes
which are persistent in the Itasca database. The file was automatically generated by the Itasca Dynamic
Schema Editor. The file includes the files connect.lh and part.hh which define the non-persistent C++
methods for the QolConnection and OolPart classes. This file does not create the schema in the Itasca
database, the file dbachema.dmp is used to to that. The dbachema.dmp file must be loaded into Itasca prior
to any C++ program compiled with this file to execute properly.

//
// scheaa.hh
/I

// Tue Aug 17 16:00:25 1993
/-

// Copyright 1992 ITASCA Systems, Inc.
//
// THIS FILE WAS AUTOMATICALLY GENERATED.
// DO NOT EDIT TEIS FILE.

*include "itascacpp .h"

class Bench-arkClassObject;
class Benchmark;
class OolAbstractConnectionClassaObject;
class OolAbstractConnection;
class OolPartClassObject;
class OolPart;
class OolAbstractConnectionSetAttributs;
class OolConnectionClassObject;
class OolConnection;
class OolPartAttribute;

class BenchmarkClassObject : public virtual ItascaClassObject f
public:

A/ Attributes and Methods

// Constructors
BeachnarkClas0bj*ct(const ItascaO1D kno-.oid)
: ItascaClassabject(nev.oid, "ENCMU1ARKI")
classObjectOidCtor(new.oid, "BENCNNARK"));

Bench-arkClas0bject()
: ItascaClamsObject (NULL, "BENCIHAIRK") {
classObjectCtor("DNCEMAIZK");
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ItascaClaosSetlter(BanchmarkClasnabjectSetlterator, BenchmarkClassabject);

class Benchmark : public virtual Itascaabject{
public:
// Override functions (handled in-line via macros)
ItascaaverrideCopy~bject (Benchmark)
ItascaOverrideGemericVersioa(Denchmark)
ItascaOverrideNakelersion(Benchuiark)
Itascaverrideabj act Verion (Benchmark)
ltascaaverrideParentVersion(Benchmark)
ItascaOverrideohldlersions(Benchmsrk)

// Select functions (handled in-line via macros)
lt*AcaOverrideSelectlnySimple(Benchmark, "BUMCINAI")
ItascaOverrideSelecthnyStar(Denchmark, "BENCHMAR")
Itasca~vorrideSelectSimple (Benchmark,* "BENCHMARK")
Itas caOverrideSelectStar (Benchmark.* "BENCHMARK")

IIAttributes and Methods

IIConstructor which creates a new instance in ITASCA DD.
Dencbmark()
:ItascaabJect (NULL, "BENCHMARK"){

itascaObJectCtor( "BENCNNARK");
I

// Constructor which does NOT create a new instance.
Denchmark(const ItascaOlD know-oid)

:Itasca~bJect(new..oid. "BENCHMARK") f
itascaObjectOidCtor(new..oid, "BENCHMARK");

IICopy constructor.
Denchmark(const Benchmark *arc-obj)

:ItascaObject (NULL. "BENCHMARK") f
objStatus a src..obj .baseCopygbject(itasca-oid);

ItascaClass~etlter(BenchmarkSetlterator, Benchmark);

class OolAbstractConnectionClasuObject : public virtual Bon~hmarkClassObject{
public:

IIAttributes and Methods

IIConstructors
OoiAbstractConnectionClassObject (const ItascaOID knew-oid)
: enchmartClassObject (new..oid),

ItascaClassObject (new..oid, 1"O0i-ABSTRACT-CONNECTION") f
classObjectOidCtor(new..oid, "OO01-ABSTRACT-CONNECTION");

OolAbstractConnectionClassObject (
BencbmarkClassObject (NULL),

ItascaClassObject (NULL, "100 i-ABSTRACT-CONNECTION") f
classObjectCtor("O0i-ABSTRACT-CONNECTION");
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ItascaClassSetlter(OolAbstractConnectionClassObjectSetlterator, OolAbstractConn~ectionClassObject);

class OoiibstractCounection -. public virtual Benchmark I
public:
// Override functions (handled in-line via macros)
ItascaOverrideCopyObject (OolAbstractConnection)
ItascaOverrideGonericVersion(OoiAbstractConnection)
ItascaOverrideNakeVersion(OolAbstractConnection)
ItascaaverrideflbjectVersion(OolAbstractConnection)
Itasca~verrideParentVersion(OoiAbstractConnection)
Itasca~verrideChildVersions (OolAbstractConnection)

// Select functions (handled in-line via macros)
Itasca~verride.electhnySinple(OoiibatractConnection ,O00-ABSTRACT-CONUECTIOU"1)
Itasca~verrideSelectAnyStar(OoiAbstractConnection, "OO1-ADSTRACT-CONNECTION")
ItascaOvezrideSelectSimple(OolAbstractConnection, "O00i-ABSTRACT-CONNECTION")
Itasca~verrideSelectStar(OolAbstractConnection, '"OO1-ABSTRACT-CONNECTION')

IIAttributes and Methods

IIConstructor which creates a new instance in ITASCA DR.
OolAbstractConnection()
: enchmark(NULL),

Itascaabject(NULL * "OO1-ABSTRACT-CONNECTION"I){
itascaabjectCtor("O0i-ABSTRACT-CONNECTION");

IIConstructor which does NOT create a new instance.
OoiAbstractConnection (count ItascaOID knew..oid)
: eochinark(now..oid).

Itascaobject(naw..oid. "001-ABSTRACT-CONNECTION"I){
itascaObjectOidCtor (new..oid, "001-ABSTRACT-CONNECTION");

IICopy constructor.
OoiibstractConnection (count OoikbstractConnection ksrc..obj)
:Benchmark (NULL),

ItamcaObJect(NULL . "OO1-ABSTRACT-CONNECTION"I){
objStatus - src-obj .baseCopyObject(itasca..oid);

ItascaClassSetlter(OolhbstractConnectionSetlterator, OotAbstractConnection);

class GoiPartClassObject : public virtual Dencb-arkClassObject f
public-

IIAttributes and Methods

IIConstructors
OolPartClassObject(const ItascaOlD knev..oid)
:DeachmarkClassObject(new..oid),

ItascaClassObject (nev..oid, "1001-PART"){
classabjectOidCtor(new-oid. "1001-PART"l);

OolPartClassObject()
-BenchmexkClass~bJect(NULL),

ItascaClassObject(NULL. "001-PART"l){
classObjectCtor(" 001-PART");
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ItascaCla~.Setlter(OolPartClamsObj ectSet Iterator, OolPartClassObject);

ItascaDeclareSetAttribute (OoilAbstractConnect ion. OolibstractConnectionSetAttribute);

class OciPart : public virtual Benchmark{
public:
// Override functions (handled in-line via macros)
ItascaaverrideCopyabject (OolPart)
ItanctLOv~zrideeeaeric~ersion(OolPart)
Itanca~verride~akeVersion(OoiPart)
ItascaaverrideabjectVeruion(OolPart)
ItascaOverrideParentVersion(OolPart)
Itasca~verrid* WildVersions(OolPart)

// Select function. (handled in-line via macros)
Itasca~vezrideSelecthnySiaple(OolPart ."001-PART")
ItascaaverrideSelectAnyStar(OolPart ,"001-PART")

Itasca~verrideSelectSiaple (DocPart ,"001-PART"l)

Itasca~verrideSelectStar(OolPart ."OO1-PART")

// Attribute. and Method.
OoiAbstractConnectionSetkttribute connectedTo;
// Inverse of \
OolAbstractConnectionSetAttribute connectedFrou;
// Inverse of \
Itascalnt build;
Iteacalnt Y;
Itascalnt x;
ItascaString type;
Itascalnt id;

// Constructor which creates a new insatnce in ITASCA DB.
OolPart()

:Benchmark (NULL),
Itasca~bjoct(NULL ,"001-PART"l),
connectedTo("CONIECTED-TO". (Itasceabject eOthi.),
connmected~rom("COINNECTE-FRtOM". (Itascaabject *)thin),
build ("BUILD", (ItascaObJect aOthi.),
y("T". (Itascafibject eOthi.),
WVX" (Itascaabject eOthis),
type("1TYPE", (IteacaObject .)thi.).
id('ID", (ItascaObject eOthis) f
itascaabjectCtor("O0i-PART");
I

// Constructor which doe. NOT create a new instance.
OolPart(const ItascaDlD know..oid)
:Denchmark(new..oid),

ItascaObject(new..oid. "001-PART"),
connectedTo("CONNECTED-TO". (ItascaGbJect eOthis),
connectedFroin("COUNECTED-FRON", (Itascaabject O)thin),
build("BUILD". (Itascaabject aOthis),
Y("T". (ItascaUbject eOthis),
x("I", (ItaxcaObject aOthis).
type("TYPE". (ItascaObJect eOthi.),
id("ID". (Itancaobject eOthis) f
itascaObjectOidCtor(new..oid, "001-PART");

IICopy constructor.
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OolPaxt(const OolPart ksrc..obj)
:Denchmark(NULL),

ItascaObject(NULL, "001-PART") f
objStatus - arc..obj baseCopyObject (itasca..oid);

Sincludo"peart .hh"

ItascaClassSotlter(OolPartSotlterator, OolPart);

class oolConnectionClassObject :public virtual OolAbstractConnectionClassObject{
public:

IIAttributes and Methods

//constructors
OolConnectionClessObj ect (const ItascaOID knew-oid)

OolAbstractConnectionClassObject(nev..oid),
BenchmarkClassObject (nev-oid),
ItascaClassabject(nev..oid, "001-CONNECTIONI"){
classObjoctOidCtor(uev..oid, "001-CONNECTION");

OoiConnoctionClassObj oct 0
:OolAbstractConnectionClassObject (NULL).

B~nchmarkClassObject (NULL),
ItascaClassobject (NULL, "OO01-CONNECTIOI"){
clausObjectCtor("OO1-CONNECTION");

ItascaClassSetltor(OoiConnectionClassObjectSetlterator, OolConnectionClassObject);

ItascaDeclareClassNamekttribute(OolPart, OolPartAttribute);

class OolCounection : public virtual OoiAbstractConnection{
public:
// Override functions (handled in-line via macros)
Itasca~verrideCopyflbject (GolConinection)
Itasca~verrideGenericVersion (OolConnoction)
Itasca~verride~akeVersion(OolConnection)
Itasca~verrideabjectVersion(OolConnection)
Itasca~verrideParentVersion(OolConnection)
ItascaaverrideChildVersions (OolConnection)

// Select functions (handled in-line via macros)
Itasca~verrideSelectAnySimple(OolConnection, "001-CONNECTION")
ItascaOverrideSelecthnyStar(OoiConnection, "001-CONNECTION"I)
Itasca~verrideSeloctSimple(OolConnection.,"O0i-CONNECTION"I)
Itasca~verrideSelectStar(OolConnection ,"00 1-CONNCTION"I)

// Attributes and Methods
OolPartAttribute to;
// inverse of \
OolPartAttriliute from;
// Inverse of \
Itascalnt cLength;
ItascaString type;

// Constructor which creates a new instance in ITASCA DB.
OolConnection()
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OolibstractCouanection(NULL),
Benchmark (NULL),
ItascaDbJect(NULL,"001-CONNECTION"),
to('T0" (ItancaObject eOthis).
frou('FRON', (ItescaObject eOthis),
cLength('1C-LUXGTH'. (ItascaObject eOthi.),
type("TYPE". (ItascaObject *)this) f
itascaObjectCtor('OO1-CONNECTION");
I

// Constructor which does NOT create a new instance.
oolconnection(const ItascaOID knew..oid)

:OolAbstractConnection(now-oid),
Benchmark (new-oid),
ItascaObj Oct (new-oid, "001-CONNECTION"),
to("TO", (ItascaObject eOthis),
from("FROM", (Itascaabject eOthj.),
cLength("C-LENGTH". (ItascaObject *)this),
type("TTPE". (Itasc&Object *)this) f
itascaabjectOidCtor(new-oid. "001-CONNECTION");

IICopy constructor.
OolConnection(const OoiConnection &arc..obj)
:OolAbstractConnection(NULL),

Benchmark (NULL),
ItascaObJect (NULL ."0O1-CONNECTION"I){
objStatue - .rc..obj .baseCo~pyObject(itasca..oid);

Sincludellconnect bh"

ItascaClas.Setlter(OolConnectionSetlterator, OolConnection);

/* User defined keyword. */

ItascalmplementSetittribute(UolAbstractConnection, OolkbstractConn ctionSetittribute);

aI nd of file schema.hh

2.1.13 dbschema.drnp

The source code for the file dbschema.dmp is listed below. This file contains Itasca code, in the Lisp
programming language, which creates the schema for the 001 benchmark in the Itasca database. This file
must be run on the Itasca database before the bench program is executed. The file must also be consistent
with the schema.hh file, which describes the database schema for C++ programs which use it.

(in-package "ITISCA-USER")
(move-to-private-db 3)
(deot-cla.s BENCHMARK

:document "top level object for Benchmark group"
:superclasses (CLASS)
:abstract T
:versionable NIL
:notify NIL
:methods NIL
:clasu-methods NIL
:attributes ( )
:class-attribute. )
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(dof-clan 001i-ABSTRACT-CONNECTION
:document "Abstract connection class for the 001 benchmark."
:suprclansen (iENCHMARK)
:abstract T
:versionable NIL
:notify NIL
:methods NIL
:class-methods NIL
:attributes ( )
:clans-attributes (

(def-class 001-CONNECTION
:document NIL
:superclases (00i-ABSTRACT-CONNECTION)
:abstract NIL
:versionable NIL
:notify NIL
:methods NIL
:clasa-methods NIL
:attributes ( (TYPE :inherit-from NIL
:document NIL
:domain STRING
:init Il
:share NIL
:composite NIL
:exclusive NIL
:dependent NIL

:unique-value NIL
:unique-value* NIL
:no-null T

)

(C-LENGTH :inherit-from NIL
:document NIL
:domain INTEGER
:init 0
: share NIL
:composite NIL
:exclusive NIL
:dependent NIL
:unique-value NIL
:unique-value* NIL
:no-null T

)
)

:class-attributes (

(dof-class 001-PART
:docusent "Part class for the 001 benchmark."
:superclanses (BENCHMARK
:abstract NIL
:versionable NIL
:notify NIL
:methods NIL
:class-methods NIL
:attributes ( (ID :inherit-from NIL
:document NIL
:domain INTEGER
:init 0
:share NIL
:composite NIL
:exclusive NIL
:dependent NIL

27



:unique-value NIL
:unique-value* NIL
:no-null T

)
(TYPE :inherit-from NIL
:document NIL
:domain STRING
:init ""
:share NIL
:composite NIL
:exclusive NIL
:dependent NIL
:unique-value NIL
:unique-value* NIL
:no-null T

(X :inherit-from NIL
:document NIL
:domain INTEGER
:init 0
:share NIL
:composite NIL
:exclusive NIL
:dependent NIL
:unique-value NIL
:unique-value* NIL
:no-null T

)

(Y :inherit-from NIL
:document NIL
:domain INTEGER
:init 0
:share NIL
:composite NIL
:exclusive NIL
:dependent NIL
:unique-value NIL
:unique-value* NIL
:no-null T

)

(BUILD :inherit-from NIL
:document NIL
:domain INTEGER
:init 0
:share NIL
:composite NIL
:exclusive NIL
:dependent NIL
:unique-value NIL
:unique-value* NIL
:no-null T

)

:class-attributes ( ))

(change-attribute '001-CONNECTION 'FROM :inherit-from 'NIL
:document "Inverse of \"connected to\""
:domain '001-PART
:init 'NIL
:share NIL
:composite NIL
:exclusive NIL
,dependent NIL
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:unique-value NIL
:unique-value* NIL
:no-null NIL

)

(change-attribute '001-CONNECTION 'TO :inherit-from 'NIL
:document "Inverse of \'connected fromV"
:domain '001-PART
:init 'NIL
:share NIL
.composite NIL
:exclusive NIL
:dependent NIL
:unique-value NIL
:unique-value* NIL
:no-null NIL

(change-attribute '001-PART 'CONNECTED-FROM :inherit-from 'NIL
:document "Inverse of \"to\""
:domain '(SET-OF 001-LBSTRACT-CONNECTION)
:init 'NIL

:share NIL
:composite NIL
:exclusive NIL
:dependent NIL
:unique-value NIL

:unique-value* NIL
:no-null NIL

)

(change-attribute '001-PART 'CONNECTED-TO :inherit-from 'NIL
:document "Inverse of \"fromV'"

:domain '(SET-OF 001-ABSTRACT-CONNECTION)
:init 'NIL
:share NIL
:composite NIL
:exclusive NIL
:dependent NIL
:unique-value NIL
:unique-value* NIL
:no-null NIL

2.2 Matisse Implementation

This section lists the source code for the Matisse implementation of the 001 benchmark created for this
research. The implementation was created on version 2.2.0 of Matisse using the Object-Oriented Services
API. The Matisse 001 benchmark source code builds two executable programs, the bench program and
the oolachema program. The source files in this implementation are shown in Figure 2. The files debw.hA.
dice.hh, dice.cc, pmmlcg.h, pmmlcg.c, stopwtch.hh, and stopwtch.cc are not listed, because they were de-
scribed (with a full source code listing) in [2). The following subsections list the source code for the other
files shown in Figure 2.

2.2.1 Makeflle

The Makefile for the Matisse 001 benchmark source code is listed below.
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Makefile

-bench.cc

-connect.hh

-connect.cc

debug.hh

-dice.hh

-dice.cc

-macros.hh

Matisse -nullproc.hh
001 Benchmark -nullPrOc-cc
Implementation -ool.hh
Directory ool1.cc

oolschema.cc

-paranis.hh

-part.hh

-part.cc

pmmlcg.h

-pmmlcg.c

-stopwtch.hh

-stopwtch.cc

Figure 2: Matisse 001 Benchmark Source Code Files
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KATISSE-PATOU~*NTs..3OUT)

0 It debug output is desired unconment the "CCPLAGS" definition with
# 1"-DDEDUG" in it. Only on* definition should be uncomisented.

*CCFLAGSs-DDEDUG -S
CCPLAQSw

LDFLAGSu-L$(RATISSL-PATI) /lib -Butatic
INCLUDES-I. -I, RATISSE..PATO)/include
DR-LIBS=-lmatisseDl -ibadualloc
DS..LIRS-JnatisseDS -ibsdmalloc

all: bench *ooschema

*(CCC) $(CCFLAGS) $(INCLUDES) -c $

.cc.o:
$(CCC) S(cCPLAGS) $(INCLUDES) -c

pmlcg.o: puulcg.c pmmlcg.h

dice.o: dice.cc debug.hh dice.hh pmflcg.h

stoputch~o: stopwtch-cc debug.bh utopvtch.bh

nullproc.o: nullproc.cc dice.hh

pert.o: pazt.cc debug.hh nacros.bh nullproc.hh ool .hh paream.bh part.hh

connect.o: connect.cc connect.hh debug.hh aacros.hh ool-hh

001.0: ooi.cc connect.bh debug.hh dico.hh nacros.hh nullproc.bh
ool.hh paraes.bh part.hh stopvtch.hh

bench.o: bench.cc debug.hh macros.hh ooi.hh

bench: bench.o 001.0 part.o connect.o nullproc.o stopwtch.o diceco pmnlcg.o
$(CCC) $(LDFLAGS) -o beach \
bench.o ooi.o pert.o connect.o nullproc.o stopvtch.o dice.o pmlcg.o\
$(DE..LIBS)

ooischema.o: ooischena.cc debug.hh inacrou.hh

*olachema: oolachena.o
*(CCC) S(LDFLLGS) -o oolschema\
ooischema.o\
* (DS..LIBS)

clean:
rm -f *.o oolachema bench

2.2.2 bench.cc

The source code for the file bench. cc is listed below. This file provides a driver for the benchmark. It consists
of a main program which connects to the Matisse database, then performs the benchmark operation specified
on the command line.
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* 6 • 8 S MATISSE
S SI S S

00009 logo* $#so#

"Object Operations Bencha-rk" V.0.G. Cattell and J. Skeen
Sun Microsystems

ACM Transactions on Database Systems Vol. 17, No. 1, March 1992, Pages 1-31.

bench cc

Air Force Institute of Technology
Timothy J. Ealloran
16 Jul 1993

This program performs all the benchmark measurements for the 001 benchmark.
The following benchmark operations are supported: database creation (and
load), lookup, forward traversal, reverse traversal, insert, and database
clear (and destroy).

Revisions:
22 Aug 1993 -TJ1- Changed out random number generator.
0/
vincludefmatisse. h>
Sinclude<stdio .h>

SInclude<stdlib .h>
Sinclude<string .h>
#include<debug.hh>
#include"ool. hh"
Sinclude"macros .hh"

$define TRUE 1
*define FALSE 0

main( int argc, char e*argv)
{

DEBUG.INIT( "MAIM" , "main" );
DEUUGOUT( "entering". 1 );
MtDatabase db;

I/ check the command line arguments
if ( argc < 6) {

fprintf( stderr, "bench [operation] [server] [database]
"1[ of parts] [random stream)\n" );

return 1; // exit the program
}
char *operation a argv[1];
if ( !( !strcmp( operation, "load" ) II !strcnp( operation, "lockup" ) II

!strcap( operation, "ftrav" ) II !strcmp( operation, "rtrav" ) II
1strcmp( operation, "insert" ) II !strcmp( operation, "clear" ) ) ) {
fprintf( stderr, "ERROR[sain] the operation must be \"load\", \"lookup\",

"\"ftrav\", V"rtrav\", \"insertV", or \"clear\"\n" );
return 1; // exit the program

}
char Odb.sarver a argv[21;
char *db.name - argv[3 3;
int num.parts - atoi( argv[4J );
if ( ( numnparts !. 20000 ) U ( num..parts !. 200000 ) )

fprintf ( stderr, "WASSING[main) the number of parts is not 20,000 or 200,O00\n" );
Lmt stream a atoi( argv[5] );
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if ( ( streams I ) II ( stream > 100 ) ) {
fprintf( stderr, "EEACI[nain" the stream is not between I and 1O0\n" );
return 1; // exit the program

}

// output a program title
printf( "001 BECINMAIK (MATISSE] Air Force Institute of Technology\n" );
printf( " MATISSE database \"%s\" on %s with %d parts (random stream Id).\n".

db-naue. db.server, num.parts, stream );

// connect to the KATISSE database
CNECXSTATUS( NtConnect( Adb, db.server, db..name,

3 /* priority 5/,

5 /* wait *.1,
FALSE /* no setTineOnly 51 ),
"ERROR[mainj unable to connect to MATISSE database" );

// set the context (so that only one database is selected)
CC=_STATUS( NtSetContext( db ),

"ERROR•U•an unable to set context to opened database" );

// create a single 001 benchmark object
ool ool.bencbmark( nulm-parts, stream );

// perform the benchmark measurement requested on the comand line
if ( !strcmp( operation, "load" ) ) {

printf( " LOAD\n" );
ool.benchmark.load( );

}
else if ( :strcmp( operation, "lookup" ) ) {

printf( " LOOKUP\n" );
ool-benchmark. lookup-.easure( );

}
else if ( !strcmp( operation, "ftray" ) ) {

printf( " FORVARD TRAVERSAL\n" );
oolbenchmark.forward.traversal.measure( );

I
else if ( :strcnp( operation, "rtran" ) ) '

printf( " REVERSE TRIAVERSAL\n" );
0ol-benchnark.reverse.traversalnmeasure( );

I
else if ( !strcup( operation, "insert" ) ) '

printf( " INSERT\n" );
ol..benchmark.insert.nmasure( );

I
else if ( !strcmp( operation. "clear" ) ) 'C

printf( " CLKEA\n" );
ool.benchmark.clear( );

I/ reset the context and close the database
CHECISTATUS( MtNoContext( ),

"EUIOR[main] unable to reset context" );
CUC._STATUS( MtDisconnect( db ),

"ERROR•sain unable to close the MATISSE database" );I

2.2.3 connect.hh

The source code for the file connect.hh is listed below. This file defines the non-persistent methods to be
used with the connection class.

*ifndef ._Co0NECT-.
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Sdefin. .. COENZCT-I
I.

so#". 33333 3

0 of•* 33 3 MATISSE

"Object Operations Benchmark" 1.G.G. Cattell and J. Skeen
Sun Microsystems

ACM Transactions on Database Systems Vol. 17, No. 1, March 1992, Pages 1-31.

connect .hh

Air Force Institute of Technology
Timothy J. Halloran
02 Aug 1993
0/
void ue..connection( MtKey new.from, MtKey no.wto, char nevw.type, int new.length );
*endif .. COENECT._

2.2.4 connect.cc

The source code for the file connect. cc is listed below. This file implements the non-persistent methods for
the connection class.

3 3 3 3 MATISSE

"Object Operations Benchmark" R.G.G. Cattell and J. Skean
Sun Microsystems

ACH Transactions on Database Systems Vol. 17, No. 1, March 1992, Pages 1-31.

connect .cc

Air Force Institute of Technology
Timothy J. Halloran
02 Aug 1993

Revisions:
16 Sep 1993 -TJU- Changed use of several API functions to Mt.* functions,

(uhich use O0Ds, rather than character strings) from
Mte functions. This ans recommended by MATISSE to
improve performance.

C/

#include(mnatise. h>
Sincludo<estdlib .h>
#include<debug.hh>
Sinclude" connect. hh"
#include"ooi.hh"
Oinclude"macros, hh"

void nae.counaction( MtKey new.froe, MtKey neowto, char *noe.type, int new.length)
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DKBUG.IIIT( "CONNECTION" , "now.connection" );
DEBUG.OUT( "entering", 1 );
MtKoy noe.connection;

CNECK.STATUS( Mt.CreateObject( &neuoconnoction, ool : :connoction.clas ),
"ERROR[now.-connection] unable to create a connection instance" );

CRECK.STATUS( ft.SutValus( noweconnection, ool: : connection.type, * TSTSING

neo.type, NULL ).
"ERROR[now-.connect1on] unable to set the connection type" );

CEECK.STATUS( ft.SetValuo( now.connection, oo1: :connection-longth, MTS32,

kne..length, NULL ),
"ERSORneuw-connoctio0n unable to set the connection length" );

CICXKSTATIJS( Mt.AddSuccessor( neo.connection, ool: : connection-to,

now.to, MTAPPEED ),
"ERROR[ne.oconnection] unable to set the to relationship" );

CENCK.$STATS( Mt.AddSuccessor( nouwconnection, ool::connection.fron,

new.from, MYAPPEND ),
"ERROI[nou-connection] unable to set the from relationship" );

}

2.2.5 macros.hh

The source code for the file macros.hh is listed below. This file contains the CHECK-STATUS macro which
is used in all portions of the benchmark implementation to ensure that a database error did not occur during
a call to the Matisse database.

Sifndef .. _ACUOS-.U
8define .... MACROS..U
'C

# o# f US

* 5 9 5 MATISSE

"Object Operations Benchnark" R.G.G. Cattoll and J. Skeen
Sun Microsystems

ACM Transactions on Database Systems Vol. 17, No. 1, March 1992, Pages 1-31.

macros .hh

Air Force Institute of Technology

Timothy J. Valloren
16 Jul 1993

0/
$define CHECKSTATUS(statusmessage) \

it (Wtlailure (status)) {
MtPError(messago);

oxit(1); }
Sendif __NACUOSU

2.2.6 nullproc.hh

The source code for the file nullproc.hh is listed below. This file defines the null procedures which are required
to be called at certain points in the 001 benchmark.

Sifndef _oNULLPMOC.-
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#define .o.OUULLPRCC_
/*

*#so# goes# s

8 5 8 5 MATISSE

* it t S
ttttt tt0tt tt6 t

"Object Operations Benchuark" R.G.G. Cattoll and J. Skeen
Sun Microsystems

ACM Transactions on Database Systems Vol. 17, No. 1, March 1992, Pages 1-31.

nullproc .hh

Air Force Institute of Technology
Timothy J. Nalloran
19 Jun 1993

Revisions:
01 Jul 1993 -TJN- The function "null.procedurej 0" was changed to

"null-procedurt".

void nullprocedure( int x, int y, char etype );
void null.proceduro.get-x-y( int& nw..x, i -.& uev.y, int stream );
Sendif .. NULLPROCKH

2.2.7 nullproc.cc

The source code for the file nuilproc.cc is listed below. This file implements the null procedures which are
required to be called at certain points in the 001 benchmark.

/*

8###* 8#t$# t
* St S t
* St t St

# 5 5 t MATISSE

S St # #ste este tsts

"Object Operations Benchmark" R.G.G. Cattell and J. Skeen
Sun Microsystems

ACM Transactions on Database Systems Vol. 17, No. 1, March 1992. Pages 1-31.

nullproc .cc

Air Force Institute of Technology
Timothy J. Ealloran
19 Jun 1993

Revisions:
01 Jul 1993 -TJH- The function "null.procedure..10" was changed to

"null-procedure".
C/

eincludostdio.h>
#include<dico .hh>

#define TRUE I
tdefine FALSE 0
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static int debug a FALSE;
IuII/II/I/III/I/IIIIIII//IIIIIIII/IIIuI, /Ii/UIIIIII/II/IIIII/I///IIII

void null.procedurs( int x, int y, char *type )

ii this procedure does nothing (a null procedure)
// (a special debug scheme is used here so that even a very smart
// compiler will still make this procedure call)
it (debug)

printf( "Enull.procedureJ XSd l5d Ws\n", x, y. type );
}

void null.prct.adure.get~x.y( inta newvx, int& new.y, int stream
-

new.: = (int)roll( 0, 99999, stream );
nes..y * (int)roll( 0. 99999. stream );

}

2.2.8 ool.hh

The source code for the file ool.ha is listed below. This file defines the 001 class. This class implements
the benchmark measures and reporting functions required by the 001 benchmark. The 001 class is non-
persistent.

#ifndet _ .00.1H

8define .. OO1_HH
I*

#### #8888 8

# 88 8 88
* 88 8 89

S 8 8 # 8 MATISSE
8 88 8 8

8•• 88••8 8#8888 #88 888

"Object Operations Benchmark" R.G.G. Cattell and J. Skeen
Sun Microsystems

ACM Transactions on Database Systems Vol. 17, No. 1, March 1992, Pages 1-31.

ool.hh

Air Force Institute of Technology

Timofhy J. Halloran
31 Jul 1993

C,

Sinclnde"param .hh"

struct benchmark.results.type f
double elapsed.time;
double nornalized.elapsed, time;
int num.parts.connected;

class 001 {
int num.nodes.visited-in.forward-traversal;
int num.parts;
benchmark.results.type resnlts [NMBJUCUNRAKITErATIOS];
int stream; // for the random number generator

MtKly createoa-part( int part.id );
void createocoanections( MtKey db.-part, int paxt.id, int num-parts );
void lookup-schemaoids( );
void report.results( int measurement );
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public:
static MtKey connection class, connection-type, connection.length;
static MtKey connection.from. connection.to;
static NtKey part.class, partid. part.type, part.., part.y. part.build;
static NtKey part-.connected.from, partconnected.to;
oo1( int nuu.parts, int stream );
void clear( );
void forward.traversal.measure( );
void insert.measure( );
void load( );
void lookup.measure( );
void reverse-traversal.measure( );

Sendif .. O01._N

2.2.9 ool.cc

The source code for the file ool. cc is listed below. This file implements the 001 class. This class implements
the benchmark measures and reporting functions required by the 001 benchmark. The 001 class is non-
persistent.

I.

88888 88888 8
* 8 8 8 88
* 88 8 88

0 88 8 8 MATISSE
8 88 8 8
8 88 8 8

88888 88888 9#~88

"Object Operations Benichmark" R.G.G. Cattail and J. Skeen
Sun Microsystems

ACM Transactions on Database Systems Vol. 17, No. 1, March 1992, Page. 1-31.

oo1l. cc

Air Force Institute of Technology
Timothy 3. Nalloran
31 Jul 1993

Revisions:
22 Aug 1993 -TJI- Changed out random number generator.
22 Aug 1993 -TJH- Changed the "report..results( )" function to provide more

concise output.

04 Sep 1993 -TJH- Changed use of several API functions to Mt._* functions,
(which use OlDs, rather than character strings) from

Mte functions. This was recommended by MATISSE to
improve performance.

16 Sep 1993 -TJH- Removed MATISSE schema creation and removal from this program
(bench) into another program (oolschena).

8include~matisse. h
8include<stdio .h)

8include~stdlib .h>
8includo~time .h>
extern "C" mnt strftime(...); // not defined in the (time.h> header file
8include~dice .hh>
8include<stopwt ch .hh>
Sinclude~debug. h>)
Sinclude'ooi 1.hh"
Sincludo"connect . hh"
Sinclude"part .hh"
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Sincluds"nullproc .hh"
*include"param•s.hh"
*include"macros. hh"

enum f INSERT, FORWARDTRAVERSAL, LOOKUP. REVERSETRAVERSAL };

static char *part.type8[iO] I {
"part-typeO", "part-typel"., "pa-t-type2". "part-type3", "part-type4",
"pert-type5", "part-typs6". ".part-typoe", 'part-typoe". "part-type9"

ool::ool( int num-parts, int stream)

DEBUG.INIT( "001" , "ool::ool" );
DEBUG.OUT( "entering", 1 );

// save the number of parts in the database
this->num.parts = num.parts;

// save the stream number for use with the random number generator
this->stream a stream;

// calculate the number of nodes which will be visited in a forward traversal
// (this value will be used to normalize the measurements
// from the reverse traversal)
int nodes-at-current-level = NUNMCONNECTIONS;
num.nodas.visitedin.-forward.traversal I + NUMCONNECTIONS;
for ( int i - 2 ; i <= TR.AVERSkL.DER! ; i++ ) {

nodes-at-current-level e NUN.CONNECTIONS;
num.nodes-visited..in.-forvard.traversal += nodes-at-current-level;

}

DEBUG.OUT( sprintf( BUG, "number of nodes which will be visited in the

"forward traversal %d", num-nodes-visited-in-forward.traversal ), 2 );

// determine all the database schema oids
lookup.schema.oids( );
DEBUG.OUT( "MATISSE OIDs read in", 2 );

}

void ool::clear(

DEBUGINIT( "001" , "ooi::clear" );

DEBUG.OUT( "entering", 1 );

// clear all the parts from the database
CHECK.STATUS( MtStartTransaction( 0 ),

"ERROR[ooi: :clear] unable to start a transaction" );

int num.partsoto.delete = num.parts;
while ( nmu.parts-to.delete ) {

delete.part( num-.parts.to-delete );
num-partes.to-delete--;

}

CHECKISTATUS( MtCommitTransaction( 0, 0 ),
"ERROR[ool: :clearJ unable to commit current transaction" );

// note that this procedure doesn't delete the schema

DE-UGOUT( "all parts and connections deleted (but the schema remains)", 2 );
I

MtKey ool::create.a_part( int part.id ) // private

DEBUG.INIT( "001" , "oo1: :create_a_part" );
DEBUG.OUT( "entering", 1 );
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int nev~x;
int nos-y;
char toxt-.build-dateE1OJ;

// create a now part in the database
char *nev..type a part..typ~s~roll( 0, 9, stream )1;
null-procedure-get-i-y( new-x, neu..y, stream ); // null procedure
long nev..bujld..datatime a roll( JAN..1-980. JIN-1i..990, stream )
struct tm enev..tm..timedate a localtjme( knev~build~datetime )
strftjme( text-bujld-date, 10, "74d~b7%'". nev-tm-tjmedate );
DEDUG..OUT( uprinti( BUG, "adding part %d (%s %Sd %6d UP%"
part~id, now-type, nev..x, nav-y. text~bujld-date ), 2 );

return ( neu..part( part-id, now-type, nev-x, nev..y, nev-bujld..datetjme ))

void ool::create-connections( Mtl~ey db..part, mnt part-id, jilt num..parts ) Iprivate

DEBUG-.INIT( "1001"1 , "ool::create..connections" )
DEBUG.0UT( "entering", 1I)
mnt cpart..id;
MtKey db-cpart;
mnt new-length;
char *new-type;

// create NIUhLCONNECTIONS from the part "'db-part"
for ( jt c - 1 ; c <= NUM..CONNECTIONS ; c++ ) f
it roll( i, 10, stream ) > LOCALITT..OF-REFERENCE

II90% of the time create connectjon to the closest 1% of parts
//(this js true when "LOCALITY..OF-R.EFERENCE" is equal to 1)

cpart..id a part-id + (jnt)roll( 1, (long)( num.perts / 100 ), stream
I - (int)( num-parta / 200 );

"I"double up" at the ends (to stay in the part jd range)
if ( cpart-id < (int)( nurn.parts / 200 ) )

cpart..id - cpart-.id + (jilt) ( num..parts / 200 )
if ( cpart..id > ( num..parts - (int)( num..parts I200)))

cpart..id - cpart..id - (int)( num..parts / 200 )

else{
10%lO of the time create connection to any part 1. .num..parts

II(this is true vhen "LOCALITY-OF..REFERENCE" is equal to 1)
cpart..id s (int)roll( 1, (long)num..parts, stream )

IIcreate the connection in the database
db-cpart a query-a-part( cpart-id ); // query the part
new-type - part-types [roll ( 0, 9, stream )1;
new-length a (int)roll( 0. 99999, stream );
DEBUGOUT( sprintf ( BUG, "connecting part %d to part %d (%s %6d)",

part..id, cpart~id, neow-type, nev-length ), 2 );
nev..connection( db..part, db..cpart, new-.type, new-length )

void oo1: :forwsrd~traveraal..measure(

DEBUG..INIT( "1001"1 , "oo1::forvard..traversal..measure" )
DEBUG..0U'( "entering". I
MtKey db-part;
mnt part..id;

// run the benchmark iterations
f or ( int i = 1 ; i <- NUM..BENCEMARJC.ITEftATIONS ;i++

IIstart the timer
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stopwatch traversal-timer;
traversal-tiner.start( );

CHECK.STATUS( MtStartTransaction( 0 ),
"ERROR[ool: :forward-traversal.measure] unable to start a transaction" );

for ( int j - 1 ; j <= NUN.FORWARD.TRAVERSAL ; J÷ ) {

// lookup a random part
part.id a (int)roll( 1, (long)num.parts, stream );
db.part a query-a.part( part.id ); // lookup the part

// find all the parts connected to this part (up to TAVERSLL-.DEPTH)
results[i - 1 .num-partseconnected = forward-traversal( 0, db-part );
DEBUG.OUT( sprintf( BUG, "found %d parts connected to part %d",

results[i - 1] .num.parts-connected, part-id ), 2 );

CNECKSTATUS( MtCommitTransaction( 0, 0 ),
"ERlRO[ool: :forward.traversal.measurej unable to commit current transaction" );

I/ stop the timer and save the elapsed time
results[i - 1J .elapsed.time = traversal.timer.stop( );

}

// report the benchmark results
report.results( FORWLADTRAVEISL );

void ool: :insert-.measure(

DEBUG.INIT( "001" , "ool: :insert_measure" );
DEBUGOUT( "entering", I );

// run the benchmark iterations
for ( int i a 1 ; i (< NUMBENCHMARK.ITERATIONS i+* ){

// start the timer
stopwatch insert.timer;
insert.timer.start( );

CHECKSTATUS( MtStartTransaction( 0 ),
"ERROR Cool: : insert-measure] unable to start a transaction" );

// insert parts into the database and call a "null" procedure
// to got the x and y position for each insert
// (the "null" procedure is called by the "create.a.part( )" function)
for ( int p = num.parts + 1 ; p <- num.parts + NUM.INSERT ; p÷+

create-connections( create.a-part( p ), p. p );

CHECKSTATUS( MtCommitTransaction( 0, 0 ),
"ERRORCool: :insert _measure] unable to commit current transaction" );

// stop the timer and save the elapsed time
results[i - 1] .elapsed-tin = insert.timer.stop( );

// remove the inserted parts and connections
CHECK.STATUS( MtStartTransaction( 0 ).

"ERROR [ool: : insert.measure] unable to start a transaction" );

for ( p a num-parts + I ; p <= num-parts + SUN-INSERT ; p++ )
delete.part( p );

CHECK.STATUS( NtCommitTransaction( 0. 0 ),

41



"ERROR~ool::iusert-ueasure) unable to commit current transaction" )

1/report the benchmark results
report-results( INSERT )

void ooi::load()

DEBUG.-INI?( "001" . "00l::load" )
DEBUG.0UT( 'entering". I ).

// time the creation of the 001 database
stopwatch db..creation.-timer;
db..creation..timer-start( );

CHECK-.STATUS( )ItStartTransaction( 0 )
"EUROR~ool::loadj unable to start a transaction" )

IIcreate "num-part" part.
for ( int p a 1 ; p (c nun..parts ;p++

create..a..part( p );

//create connections for each part
Mtley db..part;
for ( p - I ; p <= nua..part. ;p44 )

db-psrt - query-&-a.prt( p )
create-connections( db..part, p. num..perts )

I

CHECK-STATUS( HtComuitTransaction( 0. 0 )
"ERROR~ool: :loadJ unable to commit current transaction" )

IIreport the tine it took to load the database
double total-elapsed-time adb..creation..tiner stop( )
printf( " %.3f sec\n". total-olapsed-.time )

void 001::lookup-measure(

DEBUG-INIT( "1001"1 , "001: - lookup-mneasulre" )
DEBUG.OUT( "entering", 1 )
MtKey db..part;
MtS32 db..part-id;
mnt part..id-to..lookup;
MtChar part-type..char[11J;
MtSize size;
MtType type;
mnt x;
mnt Y;

// run the benchmark iterations
for ( mnt i a I ; i <= NN.-BENCNIIARJCITERATIONS ;i**+

// start the timer
stopwatch lookup-tiner;
lookup..timer-start( );

CHECK.STATUS( MtStartTransaction( 0 )
"ERRtOR [ool: : lookup-measure] unable to start a transaction" )

IIlookup parts in the database and call a null procedure for each lookup
for ( mnt j a 1 ; j <= NUM-LOOKUP ; J++ ) f
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// lookup a random part
part.id.to.lookup a (int)roll( 1, (long)num-.parts. stream );
db.part a query.a.part( part-id.to.lookup); // lookup the part

// read the part's "id"
size a sizeof( db.partid );
CHECK.STATUS( Mt.GetValue( db.part, ool::part-id, &type, &db.part.id, NULL,

&size, NULL ),
"ERRORCool: :lookup-measure] unable to get value of part id" );

// read the part's "type"
size a sizeof( part.type-char );
CHECK.STATUS( Mt.GetValue( db.part, ool::part-type. &type, parttype.char, NULL,

&siz*, NULL ),
"EMOReool: :lookup.measure) unable to got value of part type" );

// read tb, part's "x" and "y" values
size = si 2f( x );
CHECK-STA .,S( MtGetValue( db.part, oo1: :partzx, ftype, ft, NULL, ftize, NULL ),

"ERMOR[ool: :lookup-measureJ unable to get value of part z" );
size = sizeof( y );
CNECK.STATUS( Mt.GetValue( db.part, ool::party. &type, Ay, NULL, &size, NULL ),

"ERROR Cooi:: lookup.measure] unable to get value of part y" );

DEBUG.OUT( sprintf( BUG, "looked up part %d", db.part~id ), 2 );

// call the required null procedure
null.procedure( x, y, part.type-char );

I

CHECKSTATUS( NtCommitTransaction( 0, 0 ),
"ERRO C[ool:: lookup.measure] unable to commit current transaction" );

// stop the timer and save the elapsed time
results[i - 1 .elapsed.time a lookup.timer.stop( );

}

// report the benchmark results
report.results( LOOKUP );

I

void ool: : lookup.-schemaaoids( ) II private
{

DEBUG.INIT( "001" , "ool: :lookup.scheama.oida" );
DEBUGOUT( "entering", I );

CHECK.STATUS( NtStartTraneaction( 0 ),
"ERMORCool: : lookup.schema.oids] unable to start a transaction" );

// lookup the schema for the part class
CHECKSTATUS( NtGetClass( &part.class, "part" ),

"Error [Col: :lookup.schema-.oids] can't find part class" );
CHECKSTATUS( MtGetAttribute( &part-id, "part id" ),

"Error Cool:: :lookup-schema.oidsJ can't find part id attribute" );
CHECKSTATUS( NtGoetAttribute( &part.type, "part type" ),

"ErrorCool: :lookap_schema.oids] can't find part type attribute" );
CUECK.STATUS( MtGetAttribute( &part.z, "part x" ),

"Error Cool: :lookup-schema.oids] can't find part x attribute" );
CHECK.STATUS( MtGetAttribute( &part-y, "part y" ).

"Error Cool: :lookupschema_oids] can't find part y attribute" );
CEECKSTATUS( MtGetkttribute( &partbuild, "part build" ),

"ErrorCool: :lookup.schema.oids] can't find part build attribute" );
CRECKSTATUS( MtGetlelationship( &part-connected.to, "part connected to" ),

"Error 0ool: :lookup.schema.oids] can't find part connected to relationship" );
CUECKSTATUS( NtGetRelationship( *part-connected.from, "part connected from" ),

"Error[ool: :lookupschemaoids] can't find part connected from relationship" );
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// lookup the schema for the connection class
CIECKSTATUS( NtGotClass( Aconnection-class, "connection"

"Error ool: : lookup.schema.oids] can't find connection class" );
CEBCK.STATUS( NtGetittribute( kconnoction.type, "connection type" ),

"Error Cool: :lookup.schema.oids] can't find connection type attribute" );
CUECX.STATUS( NtGetAttribute( &connection.length, "connection length" ),

"Error Cool: :lookup.schema..oids] can't find connection length attribute" );
CIECK.STATUS( NtGetRalationship( &connectionto, "connection to" ),

"ErrorCool: :lookup.schenasoide] can't find connection to relationship" );
CRECK.STATUS( NtGetlelationship( &connection.frou, "connection from" ),

"Error Cool: :lookup.schema.oids] can't find connection from relationship" );

CEECK.STITUS( NtCoimitTransaction( 0 0 ),
"EItOR[ool: lookup.schema.oids] unable to commit current transaction" );

}

void oo1::report.results( mnt measurement ) I/ private
{

{ // two debug INITs used in this function so hide this one from the other
DEBUG.INIT( "001" , "ool::report.results" );
DEBUG.OUT( "entering", 1 );

}
double cold.elapsed.time;
double total-after-first-iteration - 0.0;
double warms.elapsed.time;

// report the benchmark results
DEBUG.INIT( "RESULTS" , "ool: :report.-results" );

// determine the cold tine
if ( measurement - RE SE.-TLAV1RSAL)

// the reverse traversal times are normalized
cold.elapsed.tim = results[O) .normalized.elapsed_time;

else
cold.elapsed.time a results[O] .elapsed.time;

// calculate the warm time
for ( int i a 1 ; i <= NUM._BENCRMARK.ITERATIONS ; is+ ) {

// output detailed results if the "RESULTS" environment variable is set
// to at least a level of I (i.e. setenv RESULTS 1)
DEBUG.OUT( sprintf( BUG, "iteration %2d elapsed time %.3f sec", i,

results[i - 1].elapsed.time ), 1 );
if ( measurement an FORWARD.TRAVERSAL) {

DEBUGOUT( sprintf( BUG, "(parts found %d)",
results[i - 1) .num.parts.connected ) 1 );

}

if ( measurement on REVERSE-.TRAVERSAL) {
DEBUG.OUT( sprintf( BUG, "(parts found %d normalized time %.3f sec)",

results[i - 1].num.parts.connected,
resultsai - 1] .normalized-elapsed.time ), I );

// add up the elapsed times (for all iterations after the first)
if (i := 1)

if ( measurement as REVERSETRAVERSAL)
total.after.first.iteration +a results[i - 1] .norualized.elapsed.time;

else
total.after.first-iteration +- results [i - 1J .elapsed-time;

werm-elapsed.time = total-after-first-iteration/ ( NUM.BENCUNAIIC.ITERATIONS - 1 );

// output a quick summary of all the times
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for ( i a 1 ; i <= NUN_.BUCWUtx.ITZIATIONS ; i*J )
printV( " %T.3t", results[i - 1].elapsed ti. );

}

// output the cold and warm results
printf( " C %7.3f", cold.elapsed.time );
printf( " W V7.3t\n". warm-elapsed.tise );

}

void ool: :reverse.traversal-measure( )
{

DEBUG.INIT( "001" , "ool: :reversetraversalaeasure" );
DEBUG.OUT( "entering", 1 );
NtKsy db.part;
int part.id;

// run the benchmark iterations
for ( int i a 1 ; t <a NUi..BENCI•(RKITERATIONS ; i++ ) {

// start the timer
stopwatch traversal-timer;
traversal-timer.start( );

CIECK.STATUS( NtStartTransaction( 0 ),
"ERROR [ool: :reverse.traversal.measure] unable to start a transaction" );

for ( int J a I ; j <= NUN.FOLVAIDIRAVERSAL ; j++ ) {

// lookup a random part
partid = (int)roll( 1. (long)num-parts, stream );
db.part a query-a-part( part.id ); // lookup the part

// find all the parts which connect to this part (up to TRAVERSAL.DEPTH)
results[i - 1] .nua.parts-connected a reverse.traversal( 0, db.part );
DEBUGOUT( sprintf( BUG, "found %d parts connected to part %d",

resultsLi - 1) .num.parts-connected, part-id ), 2 );

CUECK.STATUS( NtCommitTransaction( 0, 0 ),
"EfliK[ool: :reverse.traversal.measure) unable to commit current transaction" );

// stop the timer and save the elapsed time
results[i - 1].elapsed-time a traversal.timer.stop( );
// the results for the reverse traversal are normalized so that they
// may be compared to the forward traversal
// (multiply the time by num-nodos.visited.in-forvard.traversal/N,
// where N is the number of nodes actually visited in the reverse
II traversal)
results Ei - 1J .normalized&elapsed.time = results l- 1J . elapsed-time a

( (double)nnm.nodes.visitedin.-forvard.traversal /
(double)reaults[i - 1J .num.partsconnocted );

// report the benchmark results

report.results( REVERSE-TRAVERSAL);

2.2.10 oolschema.cc

The source code for the file oolschema.cc is listed below. This file is the source file for the oolschema
program. The oolahema program loads (and can remove) the 001 benchmark schema into the Matisse
database. The schema must be loaded before the bench program can be run.
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"Object Operations Benchmark" R.O.G. Cattell and J. Skeen
Sun Microsystems

ACl Transactions on Database Systems Vol. 17, No. 1. March 1992, Pages 1-31.

oolschema. cc

Air Force Institute of Technology
Timothy J. Nalloran
16 Sep 1993

This program creates or removes the MATISSE schema for the 001 benchmark.
This program requires linking to the "matisseDS" library, while the "bench"
program only requires linking to the "natisseDE" library (because it does
not modify the database schema). The use of the DR library for the "bench"
program was recommended by MATISSE to improve database performance.

C/

Sinclude~matisse .h>
ginclude<stdio. h>
#include<stdlib .h>
#include<string .h>
#include<debug.hh>
linclude"macros .hh"

void create-schema( );
void removeoschema( );

#define TRUE 1
#define FALSE 0
"Idefine SCHEKMAESROR "EIROR [create-schamaj error while creating schema"

main( int argc, char **argv)
{

DEDUG.INIT( "MAIN" , "main" );
DEBUG.OUT( "entering". I );
MtDatabase db;

// check the command line arguments
if ( argc < 4) (

fprintf( stderr, "oolschema [create iremove] [server] [databaseJ\n" );
return 1; // exit the program

}
char *operation = argv[1];
if ( !( :strcmp( operation. "create" ) II :strcap( operation, "remove" ) ) ) {

fprintf( stderr, "ERRA0Rsain] the operation must be \"create\", or"\"1r~ove\".%n"1 ) ;
return 1; // exit the program

I
char *db.server - argv[2];
char *db.name - argv[3];

// output a program title
printf( "001 BENCHMARK [MATISSE] Air Force Institute of Technology~n" );
printf( " MATISSE database \"%a\" on %s.\n", db.name, db.server );
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IIconnect to the MATISSE database
CRECI-.STAIMS ftCoanect( &db db..server * db..name,
3 /* priority /

5 I' wait 0/ 1
FALSE I. no setlimeflnly e
"EWRAOmain] unable to connect to MATISSE database" )

no st the context (so that only one database is selected)
CUECKSTATUS( RtSstContoxt( 4b ),

"EEIOR~mai unable to set context to opened database" )

IIcreate or delete the benchmark schema
it ( !strcmp( operation, "create"))

printf ( " SCUEMA CREATE\n" )
create..schema(

else it ( !streap( operation, "remove'"
printf ( " SCREEA 3.EOVE\n' )
remove-schema(

IIreset the context and close the database
CUCLSTATUS( NtmoContext( ).

"EIBOICmaia unable to reoset context" )
CUECX-STATUS( NtDisconnect( db ).
"ERRORAiJ unable to close the MATISSE database" )

void create-scbema()

DEDUG..INIT( "RAIN" *"create..schema )
DEUGDVGUT( "entering", 1 );
NtKey connection...class, connection-type, connection..length;
Mtley connection~froa, connection~to;
NtType int..type[2];
MtKey part-class, pert-id. part-.type, part..x. part-y, part-.build;
Mtley part-connected..from, part-connected..to;
imt part-cardinality [2J;
Mtlype string..tYP*e(1;

int-type[OJ a HYNIL;
int..type(1J a NTS32;
part-cardimality[OJ a 0;
part..cardinality(1J a -1;
string-typeEO) * HTSTRIIG;

CUECK..STATUS( NtStartTransaction( 0 )
"E]WR~create..schemaJ unable to start a transaction" )

IIcreate classes
CUECLSTATUS( NtCreateabject( &part-class, "class" )
SC1EKA-..ERAR);

CHM-KSTATUS( ftSetlalu*( part-class, 'external name".* NTSTRING, "part", 0 )
SCIENA..ERaa) ;

CIECILSTATUS( ftCreateabject( &connection- class,* "class" )
SCRENA..EUROU);

CEECL-STATUS( KtSetValu*( connection~class, "external name" , "TSTRING,
"connection". 0 )
SCREEA..ZNUOR);

IIcreate attributes
CNECILSTATUS( ftCreat*object( kpert..id, "attribute" )

SCREAEXA..RNOE
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CVZCKSTATU5( NtSetValue( part..id. "external name", NYSTRIUG, "part id", 0 )
SCUINA3UIGI&);

CCKCLSTATUS( Nt~stVa]Lue( part-id, "make entry function", MTSTRING,
"maske-entry" * 0 ), SCIIKAZRAO0I);

CNZCXSTATOS( Nt~etValuo( part-id. "type", NTS32_LIST, int..type, 1. 2 )
SCUUIKAERROR);

CNICK-STAIUS( NtCreateflbject( &part-type, 'attribute" )

SCUIKA...EI&OR);
CXZCKSTAIIS( NttetValue( part-type, "external name", NTSTRINIG, "part type". 0 )

SCVZXA.H35OI);
CUZCXSTAIUS( NtSetValue( part..type, "type", XTS32-LIST. atring-type, 1, 1 )

SCUZIN&IflO1);

CIICLSTATUS( NtCreats~bject ( &part-.x "attribute" )
ScIODIA..E33D);

CNICX_3TATUS( NtSetlalue( part..x, "external name", MTSTRING, "part x", 0 )
scNENAnaoRR );

CEECK..STAIUS( Nt~etValue( part-m. "type". MTS32..LIST, int.-type, 1, 2 )

SCRIMA-.KUIOR);

CUECXSTATUS( NtCreateabject( &part-..y "attribute" )
SCEItENAILII1.);

CUZCK..STATUS( ftSetValue( part-y. "external name", NTSTRING, "part y", 0 )
SCIENZXA..E3O3);

CUECX.STATUS( NtSetlalue( part..y, "type", MT532..LIST, int..type, 1. 2 )
SCIEAENARDA, O) ;

CNICK.STATUS( NtCreateObject( &part..build, "attribute" )
SCIBXA..WWRO);

CUCILSTATUS( ftSetlalue( part-.build, "external name". NYSTRING, "part build", 0 )
SCUNEA..U301 );

CIECX-STATIJS( NtSetyalue( part..build, "type", MTS32..LIST, int-type, 1, 2 )
SCIEKA..EUOI );

ChICI..STATUS( MtCreate~bject( fconnection..type, "attribute" )
SCIIKA-ERROR );

CHECK..STATUS( NtSetlalue( connection-.type, "external name", NYSTRING,
"connection type", 0 ), SCINZA..ERROR );

CUECX-STATUS( NtSetValue( connection-type, "type", NTS32..LIST, string-type, 1, 1 )
SCIRRA-.ERROR );

CUZCX-STATUS( NtCreat*ubject ( fconnection..length, "attribute" )
SCIEKA-ZINOR );

CRECK-STATUS( MtSatValue( connection..langth, "external name", NTS'RaIIG,
"connection length", 0 ), SCDEMA..flD.0R);

CHECK.STATIJS( NtSotValue( counection-length, "type", NTS32.LIST, int..type, i, 2 )
SCNZNA-ERllWR);

IIadd relationships
CHECL.STIXUS( NtCreateabject( &part-connected-.to, "relationship" )
SCUEKA..KNIOR) ;

CUECL.STATUS( MtSetValue( part-connected.to, "external name", NISTRING,
"Part connected to", 0 ), SCHENA..RROR );

CNECK..STATUS( NtSetValue( part-connected..to, "cardinality", NTS32..LIST,
part-cardinality, 1, 2 ), SCUEMA..ERROR );

CIECILSTA'1US( MtAddSuccessor( part..connected..to, "successors",
connection-class ,NTAPPUND ), SCHEMA-.ERROR );

CIECK.JTATUS( NtCreatoabject( *connect ion-.fromn, "relationship" )
SCIEMA..ERROR );

CBECX-jTATUS( NtSetValue( connection-from, "external name", NTSTRING,
"Iconnection from", 0 ), SCuHukMA-ERa);

CIICX-STATUS( MtAddSuccossor( connection~from, "successors", part-class, NTAPPEND )
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ScRZNA..KUOI)
CHECK..STATUS( Nthddlatcceasor( conaection-from, "inverse relationship".

pert..connected-to, NTAPPEND ),* SCUNZIA-ZRM );

CIECILSTATUS( NtCreetoabject( &part -.connected-frou, "relationship" )
ScamEMARROR );

CIECILSTATUS( NtSetValno( pert-consected-from * "external name".* NTSTRIUG,
"pert connected from",* 0 ),* SCImENA.3flf );

CHECK-STATUS( NtSetValue( pert-connected..fram, "cardinality", MTS32..LIST,
pert-cerdinality. 1 * 2 ).* SCREIA-EAROR );

CRECK-.STATUS( NtAddSuccessor( pert..connected-jro., "successors".
connection-class, MTAPPZND ), SCNEZN.EUROA);

CHECX-STATUS( NtCreateobject( fconnection-.to. "relationship" )
SCHENA-ERUOR );

CHECK-STATUS( NtSetV&lue( connection-.to, "external name", NTSTRIIG,
"connection to". 0 0), SCNMZRARIOI );

CHBCK..STATUS( NtAddSuccessor( connection-to, "successors". pert-class. XTAPPEN )
SCIIMA..fl3U);

CUECK-STATUS( NthddSuccessor( connection-.to, "inverse relationskip",
part-connected-from, NIAPPEJID ), SCHEMA..ERUR )

// add successors
CINCK..STATUS( NtAddSuccessors( part-class, "attributes", 6, pert..id,

part-.type, part-..x pert-, part-build ).* SCHEM-ERK35U);
CEECIC.STATUS( MtAddSuccessors( part-class, "relationships". 2,

pert-connected-.to, part-connected..from ), SCNUKA-.ERRDX );

CUECK-STATUS( NtAddSuccessors( connection-.class. "attributes", 2,
connection..type, connection-.length ), SCIEEA..EliflR);I

CUECK-STATUS( NtAddSuccessors( connection-.class, "relationships", 2,
connection-.froum, connection-.to ), SCHEKAEUOR )

CHECK..STATUS( MtCoumitTransaction( 0, 0 ),
"fllOREcreate..schemej unable to commit current transaction" )

void remove..schma()

DUBUG..IUT( "MAIN" ,"remove..achema" )
DEBUG..OUT( "entering", 1 );
Maly connection-.class, connection-type, connection..length;
Maly connection-.from, connection..to;
MtKey part-class, part..id, part-.type, pert..:, pert-..y pert-.build;
MtKey part-connected..fron, pert..connected..to;

CHECK-STATtJS( MtStartTransaction( 0 ),
"ERROR~reuove~xchemaj unable to start a transaction" )

IIlookup the schema for the pert class
CHECK..STATUS( NtGetClass( &pert-class, "pert" )

"IError~remove-schemaj can't find part class" )
CHECK-STATUS( NtGethttributs( &pert-id, "pert id" )

"Error Cremove..schema3 can't find pert id attribute" )
CUECK..STATUS( NtGetAttributeC &part-.type, "pert type" )

"Error[remove..schem&3 can't find pert type attribute" )
CUECK..STATUS( MtGetAttribute( *part..x, "pert II" ),

"Error [remove...chemeJ can't find pert x attribute" )
CHECK..STATUS( NtGetAttribute( &par't.y. "pert y" ),

"Error Cremove..schemaj can't find pert y attribute" )
CHECK.STATUS( Mt~etAttribute( &part-build, "part build" )

"Error [remove-.schemia] can't find part build attribute" )
CHECK.JTATUS( NtGetftlationship( &pert-connected..to, "pert connected to" )

"Error [remove..scheama can't find pert connected to relationship" )
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CNECX-STITUS( NtGetielationship( &pe tcounected.fron, "part connected from" ),
"Error[removeoschemaj can't find part connected from relationship" );

// lookup the schema for the connection class
ChCXC.STATUS( NtGetClass( fconnection-class, "connection" ),

"Error~removeoschema3 can't find connection class" );
CIECK.STAITUS( ftGetAttributo( &connection-type, "connection type" ),

"Error~remove.schem•a can't find connection type attribute" );
CBECKSTkrUS( RtGetkttribute( &connection.length, "connection length" ),

"Error[removo.schemm3 can't find connection length attribute" );
CHECK.STATUS( MtGetlelationship( fconnaection..to, "connection to" ),

"Error[remove.schea3 can't find connection to relationship" );
CEECK.STATUS( MteetR*eationship( hconnection-from, "connection from" ),

"Error[removeoschemaj can't find connection from relationship" );

Sremove the pert class schema
CHECKSTATUS( MtRemoveObject( part.class ),

"Error Cremove.schemta can't remove part class" );
CIECK.STATUS( NttemovoObjoct( partid ),

"Error[removeoschemaj can't remove part id attribute" );
CHECKSTATUS( MtlemoveObject( part-type ),

"Error Eremovo.schemj can't remove part type attribute" );
CHECK.STATUS( Ntlamoveobjoct( partz ),

"Error removeschem&m can't remove part x attribute" );
CHECKSTATUS( HtfemoveObject( part.y ),

"Error remove-schemna can't remove part y attribute" );
CEECK.STATUS( MtRemoveabject ( part-build ),

"ErrortremoveoschemaJ can't remove part build attribute" );
CRECK.STATUS( NtRemovoObject( part.connectedto ),

"Error[remove.schema] can't remove part connected to relationship" );

CUC)oSTATUS( Mtlenoveobject( partconnocted.from ).
"Error[remove-schemaj can't remove part connected from relationship" );

// remove the connection class schema
CHECK.STATUS( NtlemoveObject( connection.class ),

"Error•remove.schema] can't remove connection class" );

CIECK-STATUS( Nte•moveobjoct( counectiontype ),
"Error remove.schemaJ can't remove connection type attribute" );

CUECKSTATUS( MtRemoveObjoct ( connection.length ),
"Error Eremovsschen 3 can't remove connection length attribute" );

CHECK.STATUS( MtlemoveObject( connection-to ).
"Error removeschema] can't remove connection to relationship" );

CHECK.STATUS( NtlemoveObject( connection.from ),
"Error[remove.schemaj can't remove connection from relationship" );

CHECK.STATUS( NtCommitTransaction( 0, 0 ),
"ERROR[removeoschema] unable to commit current transaction" );

I

2.2.11 paranms.hh

The source code for the file params.hh is listed below. This file defines several constant parameters which
the 001 benchmark implementation requires.

Sifndof .. PIRAJNSE

*dene ...oPARAJMS..H
/.

0 0 # 8 8 MATISSE
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paran. .hh

Air Force Institute of Technology
Timothy J. Halloran
31 Jul 1993

5/

// definition of the number of connections for each part (3 for 001)
#define NUN-CONiECTIOiS 3
// definition of the depth of the forward and reverse traversals (7 for 001)
#define TRAVEBSALDEPTH 7
1/ definition of the locality of reference value (1 for 001 which means that
// 90% of the connections are randomly selected among the 1% of the parts

w/ which are closest (in terms of part id), and the rest of the connections
// are made to any randomly selected part.
Idefiine LOCALITT.OF.IEFERENCE i
// definitions to create a 10 year range of dates
*define JA-1-1.980 315580800
#define JAN.-1-990 631170000
// 001 bench-ak parameters
#define NUMBENCIMARIKITEDATIONS 10
*define NUNM-LOOKUP 1000
#defino NUM.FORWARD-TRAVERSAL 1
#define NUNREVERSETRAVERSAL 1
#define OMN-INSERT 100
Sendif .. PAUR A.ER

2.2.12 part.hh

The source code for the file part.hA is listed below. This file defines the non-persistent methods to be used
with the part class.

tifndef _.PAIT.JH
*define .._PART_.B

# .3 8 # 3
* 83 s #3
0 33 3 3 MATISSE

t 33 3 8

"Object Operations Benchmark" R.G.G. Cattell and J. Skeen
Sun Microsystems

ACM Transactions on Database Systems Vol. 17, No. 1. March 1992, Pages 1-31.

part.hh

Air Force Institute of Technology
Timothy J. Halloran
02 Aug 1993

MtWay nowvpart( int new-id, char *new.type, int new.x, int new.y, long neo.build );
void delete.part( int part-id);
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MtKay query.a.part( int part-.id );
imt forward-.travrsal( int current-levsl, MtKey db.part );
int reversoetravoraal( int current~level, MtKey db.part );
$endif _..PAT..e

2.2.13 part.cc

The source code for the file part.cc is listed below. This file implements the non-persistent methods for the
part class.

8#85 #8888 8
* 3* 8 88

8 08 8 0 MATISSE

"Object Operations Benchmark" R.G.G. Cattell and J. Skeen
Sun Microsystems

ACM Transactions on Database Systems Vol. 17, No. 1, March 1992, Pages 1-31.

part. cc

Air Force Institute of Technology
Timothy J. Halloran
02 Aug 1993

Revisions:
16 Sop 1993 -TJI- Changed use of several API functions to Mt._* functions,

(which use OlDs, rather than character strings) from
Mto functions. This was recommended by MATISSE to

improve performance.

Sincludeamatisse. h>
*include<stdlib .h>
#include<debug.hh>
#include"part.hh"
*include"ool .hh"
Sinclude"nullproc. hh"
#include"params .hh"
8include"macros .hh"

MtKey nev.part( int ne..id, char *nev.type, int new.x, int nev.y, long neo.build)

DEBUG.INIT( "PART" , "neo.part" );

DEBUGOUT( "entering", 1 );
MtKey now-part;

CNECKSTATUS( MtCreateObject( &neo.part, ooi: :part.class ),
"xaalREzanev.part] unable to create a part instance" );

CHECK.STATUS( MtSetValue( neo.part, ool::part-id, MTS32, &nevid, NULL ),
"ERROR[neowpart] unable to set the part id" );

CHECK.STATUS( Nt.SetValue( neo.part. oo1: :part.type, HSTRING . neo.type, NULL ),
"ERnRac nevpart] unable to set the part id" );

CHECK-STATUS( Mt.SetValue( new.part, ool::part•.z, NT532, &neo.x, NULL ),
"EUOR[new.-part] unable to set the part x" );

CHECK.STATUS( MtSetValue( now-part, 1: ::part.y. NT$32, *new.y, NULL ),
"EUOREne..part] unable to set the part y" );

CRECJSTATUS( MtSetValue( neowpart, ool::part.build, MTS32, &newbuild, NULL ),
"EROR1nev_.part] unable to set the part build" );
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return ( nev-part );
}

void delete-part( int part.id

DEBUG.INIT( "PART" , "delete-part" );
DEBUGOUT( "entering". 1 );
NtKey a-connection;
MtStream connection-stream;
Mtley connections-to-delete lO0E; 10 hope this is large enough!
int num.-connections.-to-deleta;
MtSize nuinof-parts;
char part.id.string[20];
MtKey *table*of-parts;

// query the part which is going to be deleted
// (don't use the "query-.a-part" function because if there in more than
I/ one (or zero) we still want the parts deleted)
sprintf( part-id.string, "%d", part.id );
CHECK.STATUS( MtMGetObjectsFromEP( knum.of.parts, &table..ofparts,

part-id-string, oo1: :part.id, 00l: :part_.clas ),
"ERROR[delete.part] object get from entry point failed" );;

while (num-of-parts-- )

// need to remove all connections to and from this part to keep the
// database consistant

// delete all the connections from this part to other parts
num-connections-to.delete a 0;
CHECK.STATUS( Mt-OpenRelStream( &connection.stream,

table-of.parts num.of.parts, oo01: :part.-connected-to ),
"ERROR[delete.part] unable to open a stream on the connections" );

while ( NtNextObject( connection.stream, ýaconnection ) an MATISSESUCCESS) f
connections to.delete Enum-connections-to-delete] a a.connection;
num_ connections-.to-delete++;
DEBUG.OUT( "found a connection to", 2 );

}
CNECK.STATUS( MtCloseStream( connection-stream ),

"ERROR[dolete.part] can't close the connection stream' );
// delete all the connections found (the inverse relationship will take
// care of the other side of the relationship)
while (num.connections.to.delete--) f

CHECKSTATUS(
MtRemoveObject ( connections-to.delete [num.connections.-to-delete] ),
"ERROR delete-part] unable to remove a connection object" );

I

// delete all the connections to this part from other parts
numconnections-to.delete - 0;
CHECK.STATUS( MtOpenRelStream( &connection-stream,

tableof _parts [num-of.parts], ,1: ::part.connected-from ),
"ERROR[delete.part] unable to open a stream on the connections" );

while ( MtNextObject( connection-stream, &a.connection ) -= ATISSESUCCESS)
connections-to.delete[num-connections-to-deletej a a-connection;
num..connections.to-delete÷÷;
DEBUG.OUT( "found a connection from", 2 );

}
CRECKSTATUS( MtCloseStream( connection- stream ),

"ERROR[delete.part] can't close the connection stream" );
// delete all the connections found (the inverse relationship will take
// care of the other side of the relationship)
while (num-connections.to.delete--) {
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CIECK-.STATUS(
Mtlemovoabj Oct C connect ions-to -delete (num~connect ions to-doleteJ
"ERLROR~dolete..part] unable to remove a connection object" )

IIremove the part
CIECX-STATUS( MtfteuoveObject C table-of..parts (nurn-ofpartsJ )

"EUROR~dolate..pert] unable to remove an Part object" )

fro*( table..of-parts )

MtKey query-a-part( int part-id)

DEBUGINIT( "PART., , "query-a-part" )

DEBUG..OUT( "entering", I )
Mt~ey etable-of-parts;
MtSize num-ot.parts;
char part-idstring[2OJ;
MtKey return..part-id;

// query the part
sprintt( part-id.string, "%V", part..id )
CNECK-STATUS( Mt..MGetObjectsFromEP ( knum-ot..parts, ktable..ofpartu,

part-id...tring, oci: :part-id. *01: -.-part.-class ),
"ERROR~query..a-.partJ MATISSE failed query for a Part" )

if ( num..of..parts !- 1 ) f
MtPlrror( "ERRlOR [query-a.part) found none (or to many) parts" )

I
return..part-id - table..of-partseOJ;
free( tabl...of..parts );

return ( return..part..id )

mnt forward..traversal( int current-level, MtKey db-part)

DEBUG..INIT( "PART" , "forward-traversal" )
DEBUG..OUT( "entering", 1I)
NtJ~ey a-.connection;
NtStream connection-.stream;
MtS32 db..partjid;
MtSize num..of-parts;
MtChar part-type[IllJ;
MtSize size;
Mtxey etable-.of-parts;
MtType type;
mnt x;
mnt Y;

// read the part's "id"
size = sizeof( db..part-id
CHECK..STATUS( Nt-GetValue( db-part, ool::part-id, ftype, kdb..part..id, NULL,

Ssizc NULL ),.
"ERR'R rforward~traversalJ unable to get value of part id" )
I'read the part's "type"

size - sizeof( part~type )
CBECK..STATUS( Mt-GetValue( db-part, ool: :part..type, &type, part-.type, NULL,

*size, NULL ),
"ERROR [forward.travers all unable to get value of part type" )
IIread the part's "Y" and "y" values

size a sizeof( x )
CHECK-.STATUS( Mt-GetValue( db..part, ool::part..z. ftype, kx, NULL, &size, NULL )

"ERROR [forward-traversal] unable to get value of part x" )
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size - *izeof( y )
CIECK..STATUS( Nt..GetValiie( db..part, ooti::part-.y ktype. ky, NULL, &size, NULL )

"*E3RRIRforvard..travorsall unable to get value of part y" );

DEBUG..OUT( uprintf( BUG, "pert id %6d (level Ud)", db..part..id, current-level ),2

// call the required null procedure
null-procedure( x, y, pert-type )

int num..parts-connected - 0;
if ( current-.level <TJL&VERSAL..DEPTH){

CHECK..STATUS( Mt..GpenRelStream( &connect ion-.stream, db..part,
ool: :part..connected-to ),
"ERROR [forvard.traversalJ unable to open a stream on the connections" )

while ( MtNextObject ( connection-stream, &a..connect ion ) -a MATISSE-.SUCCESS){

CHECK..STATUS( NtNKGetSuccesuors( knum..ofparts, ktabl...of -parts.
&-.connection, 0oi::cOnnection..to ),
"ERROR [forward-traversal] unable find successors of connection to" )

if ( nua..of-parts !a 1 ) f
MtPlrror( "ElRRREforward..traversaJ.) found none (or to many) parts" )

num..parts-connected +u
forward..traversal( current-.level + 1, table..of-parts [0 )

CHECK..STATUS( MtCloseStream( connection-.stream )
"EUROR~forward..traversal] can't close the connection stream" )

return ( num..parts..connected + 1I3

int reverae..traversa~l( mnt current..level, MtKey db-part

DEBUG..INIT( "PART" , "reverse..traverual" 3
DEBUG..OUT( "entering". 1 )
MtKey a-.connect ion;
MtStroam connect ion-s~treamn;
NtS32 db..part..id;
MtSize num-of..parts;
MtChar part-type[11];
NtSize size;
MtKey etable-of..parts;
MtType type;
int x;
mnt y;

// read the part's "id"
size a sizeof( db..part-id )
CHECK..STATUS( Mt-GetValue( db..pert, ool::part..id, ftype. kdb-part-id, NULL,

&size, NULL ),
"ERROR Ereverse..traversall unable to get value of pert id" 3

IIread the part's "type"
size a sizeof( part-.type )
CHECK..STATUS( Mt-GetValue( db-.part, ool: :part..type, ftype, part-type, NULL,
&six*, NULL ),
"ERJWR[reverso.traversal.] unable to get value of part type" 3
IIread the part's "x" and "y' values

size a sizeof( x );
CHECK-.STATUS( Mt-GetValue( db..part, ool::part..x. ftype, kx, NULL, fsize, NULL )

"mROR~reverse-traiversalj unable to get value of part x"11
size asizeof( y 3
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CNECK.STATUS( MtGetValue( db..part, ooi::part.y. &type, by, NULL, &size, NULL ),
"ERROR[reverse.-travsrsalJ unable to get value of part y" );

DEBUG.OUT( sprintf( BUG, "part id %6d (level %d)", db-part-id, current-level ), 2 );

// call the required null procedure

null.procedure( x, y, part-type );

int num.parts-connected a 0;
if ( current-level < TRAVERSAL.DEPTH ) {

CRECK.STATUS( Mt.OpenRelStream( &connection.stream, db..part,
ool: part-connectd.from ),
"ERROR reverse-traversal] unable to open a stream on the connections" );

while ( MtNextObject( connection.stream, ka.connection ) as NATISSE.SUCCESS ) {

CRECK.STATUS( Xt_MGetSuccsssors( &nun-of.parts, Stable.of.-parts,
a.connection, ool: :connection-from ),
"ERROR [reverse.traversal] unable find successors of connection from" );

if ( numnof.parts != 1 ) {
MtPError( "ERROR[reverse.traversal] found none (or to many) parts" );

I
num..parts-connected +=

reverse.traversal( current.level + 1, table-of.-parts[e )[ ;
I
CHECKSTATUS( MtCloseStream( connection.stream),

"ERROR reverse.traversal] can't close the connection stream" );

return ( num.parts.connected + I );
}

2.3 ObjectStore Implementation

This section lists the source code for the ObjectStore implementation of the 001 benchmark created for this
research. The implementation was created on version 2.0.1 of ObjectStore using the C++ DML API. The
ObjectStore 001 benchmark source code builds one executable program, the bench program. The source
files in this implementation are shown in Figure 3. The files debug.hh, dice.hh, dice.cc, pmmlcg.h, pmmlcg.c,
stopwtch.hh, and stoptvtch.cc are not listed, because they were described (with a full source code listing) in
[2]. The following subsections list the source code for the other files shown in Figure 3.

2.3.1 Makeflle

The Makefile for the ObjectStore 001 benchmark source code is listed below.

include $(OS.ROOTDIR)/etc/ostore .mk
OS.COMPILATIONSCHEMA.DB.PATH=

prouler:/usr3/databases/ostore.data/ool. comp_ schema
OS.APPLICATION.SCHEHADB.PATH=

prowler:/usr3/databases/ostore.data/ool .app.schema
*##•|##863##3I#88#•#S••#######8#8###8C####e###3###ub#gse8#6•##S36##egs6##

# If debug output is desired uncomment the 'tCC•LAGS" definition with
* "-DDEBUG" in it. Only one definition should be uncommented.

*CCFLAGS-I. -DDEBUG -gx
CCFLAGS=-I. -gz
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Makefile

bench.cc

-connect.hh

-connect.cc

-debug.hh

-dice.hh

-dice.cc

ObjectStore -nullproc.hh
001 Benchmark -nullproc.cc
Implementation -ool.hh
Directory ool1.cc

-params.hh

-part.hh

-part.cc

-pmmlcg.h

-pmmlcg.c

-stopwtch.hh

stopwtch.cc

Figure 3: ObjectStore 001 Benchmark Source Code Files
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LDFLAGS-g
LDLIBS-loscol -los
SOURCRS=bench.cc connect.cc nullproc.cc ool.cc part.cc stoputchocc

dice. cc pmilcg.c
OBJECTSubemck.o connect.o nullproc.o ool.o part.o stopwtch.o dice.o pmlcg.o
EIECUTABL=Subench

all: *{EZECUTABLESI

bench: bench.o oo1.o part.o connect.o nullproc.o stopwtch.o dice.o pmmlcg.o
${LIIK.cc) -o bench \

bonch.o ool.o part.o connect.o nullproc.o stopwtch.o dice.o pmlcg.o \
${LDLIDS}

clean:
rm -f ${EXECUTABLES} ${OBJECTS}
oar. -f /usr3/databases/ostore-data/ool.comp.schema

depend:
osmakodep -depend $(CCFLAGS) $(CPPFLAGS) -files $(SOURCES)

include depend

2.3.2 bench.cc

The source code for the file bench. cc is listed below. This file provides a driver for the benchmark. It consists
of a main program which connects to the Itasca database, then performs the benchmark operation specified
on the command line.

* 86 #89 68

# 0 • 6 OBJECTSTORE

* 88 8 8
8888•8 88888 88886

"Object Operations Benchmark" R.G.G. "..ttell and 3. Skeen
Sun Microsysetms

ACM Transactions on Database Systems Vol. 17, No. 1, March 1992, Pages 1-31.

bench. cc

Air Force Institute of Technology
Timothy J. lalloran
06 Jul 1993

This program performs all the benchmark measurements for the 001 benchmark."The foplloing benchmark operations are supported: database creation (and

load), lookup, forward traversal, reverse traversal, inaert, end databaee
clear (and destroy).

Revisions:
19 Jul 1993 -TJH- Added support to "clear" the benchmark database.
18 Aug 1993 -TJF- Added code so that ObjectStore lould not try to read the

entire s~egmet at a time (bad for large database) and

also set the fetch policy to os..fetch..page.
18 Aug 1993 -TJI- Changed out random number generator.

T incfl de~ortore/oatore .hha
cinea. (-deostore/coll.hh>
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Sinclude<ostore/relat. hh>
finclude<stdio.h>
#include*stdlib.h>
Sinclude<debug. hh>
oincludelool. hh"

#define TRUE 1
#define FALSE 0

on-database odb a 0; // required to be here by ObjectStore

main( int arsc, char eeargv)
{

DUBUGINIT( "KAIN" "main" );
DEBUG.OUT( "entering". 1 );

// check the command line arguments
if ( argc < 5) 1

fprintf( stderr, "bench [operation] [database] "

"[O of parts] [random stream)\n" );
return 1; // exit the program

}
char soperation = argv[1];
if ( !( !strcmp( operation. "load" ) II 'strcep( operation. "lookup" )

!strcmp( operation, "ftrav" ) I I strcmp( operation. "rtrav" ) i
!strcmp( operation, "insert" ) J :strcnp( operation, "clear" ) ) )
fprintf( stderr, "ERROR[maWn) the operation must be \"load\". \"lookup\".

"\"ftrav\", \"rtrav\". V"insert\", or \'clear\"\n" );
return 1; // exit the program

)

char *db-.name argv[2);
int num.parts a atoi( argv[3] );
if ( ( num.parts !n 20000 ) && ( num.parts != 200000 ) )

fprintf( stderr, "WARMING[maiua the number of parts is not 20,000 or 200,000\n" );
int stream = atoi( argv[4) );
if ( ( stream < 1 ) i1 ( stream > 100 ) )

fprintf( stderr, "ERROR[main] the stream is not between 1 and 100\n" );
return 1; // exit the program

}

// output a program title
printf( "001 BENCHMARK [OBJECTSTORE3 Air Force Institute of Technology\n" );
printf( " ObjectStors database \"ls\" with %d parts (random stream 6d).\n",

db-name, num-parts, stream );

// initialize ObjectStore
objectstore: :initialize( );
os.collection: :initialize( );

// open (or create for "load" operation) the database
if ( !strcap( argv[yJ, "load" ) )

db a os.database: :create( db.name );
else

db a os.database::open( db.name );

// tell ObjectStore not to read the entire segment
db->set-.read.vhole.segent( FALSE );

// set the fetch policy of ObjectStore to fetch a number of bytes at a time
db->set.fetch.policy( os.fetch-page, FuTCE.SIZEINBITES );

// create a single 001 benchmark object
ool ool.benchmark( num..parts, stream);
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II perform the benchmark measurement requested on the comand Ulie
if ( Istremp( operation. "load" ) ) {

printf( " LOAD\n" );
ool.-bencmeak.load( );}

1Ise if ( Istrcup( operation, "lookup" ) ) {
printf( " LOOKUP\n" );
ool.benchmark, lookupmeasure( );

}
else if ( !xtrcap( operation, "ftrav" ) ) {

printf( " FOIWARD TUAVERSAL\n" );
ool-boncbmark foruard.traversal.muesure( )

I
else if ( !strcup( operation, "rtrav" ) ) {

printf( REVERSE TRAVERSAL\n" );
ool-benchmark. reverse.traversal..aasure (

I
else if ( !strcup( operation, "insert" ) ) {

printf( " INSEIT\n" );
ool.benchmark.insert..easure( );

I
else if ( !strcap( operation, "clear" ) ) {

printf( " ^•LEAI\n" );

ool.benchmark.clear( );
}
db->close( );}

2.3.3 connect.hh

The source code for the file connect.hh is listed below. This file defines the connection class.

*ifndef .--.COIfUCTHI

#define _.CONNECT..E
/.

* 6 68 I OBJECTSTORE

"Object Operations Benchmark" R.O.G. Cattell and J. Skeen

Sun Microsystems
ACM Transactions on Database Systems Vol. 17, No. 1, March 1992, Pages 1-31.

connect .hh

Air Force Institute of Technology
Timothy J. Halloran
18 Jun 1993

a/

extern os.database* db;

class part;

class connection {
public:

part efrom inverse-member connected.to;
part *to inverse.member connected.from;

char typ*e11J;
int length;
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connection( part *neo.from, part enew.to, char One..typa, int novolength );"connection( );

Sandif .. CONUECT-.

2.3.4 connect.cc

The source code for the file connect.cc is listed below. This file implements the methods for the connection
class.

/a

*68# t 8 s a
t tt a it

0 0 # 6 S OBJECTSTORE

"Object Operations Benchmark" R.G.G. Cattoll and J. Skeen
Sun Microsystems

ACM Transactions on Database Systems Vol. 17, No. 1, March 1992, Pages 1-31.

connect .cc

Air Force Institute of Technology
Timothy J. Nalloran
19 Jun 1993

Revisions:
06 Jul 1993 -TJ1- Changed all the debug output to use the "debug.hh" macros.
29 Jul 1993 -TJI- Added a destructor so that connection objects can delete

themselves.
*/
Sinclude<ostore/ostore. hh>
ginclude<ostore/coll. hh>
Sinclude<ostore/relat. hh>
Sinclude<debug .hh>
Sinclude"part.hh"

ginclude"connect .hh"

connection: :connection( part *nev.from, part *new-to, char *neu.type,
int neowlength)

DDBUG.INIT( "CONNECTION" , "connection: :connection" );
DEBUG.OUT( "entering". 1 );

from * neu.from;
to - new.to;
strcpy( type, neo.type );

length = new-length;
}

connection: :connection( )
{

DZBUG.IUIT( "CONNECTION" , "connection::-connection" );
DEBUG.OUT( "entering". 1 );

from->connected.to.remove( this );
to->connected.from.rsmove( this );

}
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2.3.5 nullproc.hh

The source code for the file nullproc.hh is listed below. This file defines the null procedures which are required
to be called at certain points in the 001 benchmark.

Sitndef . NULLP3OC-U
#define .. NULLPIOC.-U
/*

* 88 8 88

* # # # OBJECTSTORE
* 88 8 8
* 88 8 8

"Object Operations Benchmark" R.G.G. Cattell and J. Skean
Sun Microsystens

ACl Transactions on Database Systems Vol. 17, No. 1, March 1992, Pages 1-31.

nullproc .hh

Air Force Institute of Technology
Timothy J. Halloran
19 Jun 1993

Revisions:
01 Jul 1993 -TJH- The function "null.procedure.10() was changed to

"null..proceduro".
0/

void null.procedure( int x. int y, char *type );
void null-procedure-get.-xy( int& ne.-x, int& nev.y, int stresm );
#endif _..UUPI.RPOC.-33

2.3.6 nullproc.cc

The source code for the file nuliproc. cc is listed below. This file implements the null procedures which are
required to be called at certain points in the 001 benchmark.

/.

8#888 # 8888 S
* 88 8 88

* 88 8 8 OBJECTSTORE
8 88 8 8
* 88 8 5

"Object Operations Benchmark" R.G.G. Cattoll and J. Skeen

Sun Microsystems
ACM Transactions on Database Systems Vol. 17, go. 1, March 1992, Pages 1-31.

nullproc .cc

Air Force Institute of Technology
Timothy J. Halloran
19 Jun 1993

Revisions:
01 Jul 1993 -TJN- The function "null.procedure.1()" was changed to

"null.procedure".
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a,

Sinclude<stdio. h>
8include<dice.Whh)

def ine TRUE 1
#define FALSE 0
static int debug a FALSE;

void null.procedure( int x. int y. char *type )
{

// this procedure does nothing (a null procedure)
// (a special debug scheme is used here so that even a very smart
// compiler will still make this procedure call)
if (debug)

printf( "[null.-procedure] %6d %6d Ws\n", z. y. type );
I

void null.procedure-get-x.y( int& neu.x, int& new-y. int stream )
new-% a (in{)roll( 0, 99999, stream

new-y - (int)roll( 0, 99999, stream );I

2.3.7 ool.hh

The source code for the file ool.hh is listed below. This file defines the 001 class. This class implements
the benchmark measures and reporting functions required by the 001 benchmark. The 001 class is non-
persistent.

Iifndef _.001._I
•define __O01_N1

3888• 38668 8

9 0 9 8 8 OBJECTSTORE

# 83 8 8
8 88# 8 8

"Object Operations Benchmark" R.G.G. Cattell and J. Skeen
Sun Microsystems

ACM Transactions on Database Systems Vol. 17, go. 1, March 1992. Pages 1-31.

Air Force Institute of Technology
Timothy J. Halloran
06 Jul 1993

Revisions:
"07 Jul 1993 -TJH- The variable "num..artr" was added as a class attribute,

and removed as a parameter to every class method.
0/

includeMconnect .ha"
Sinclude"part.hh"
Tinclud .params .ha"

struct benchea9k.results-type
double elaped9-Ttima;
double normalized reolapsedettiml;
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int aunaparts_€comncted;
1;

class 001 {
int num.nodes.visited.in.torward-traversal;
tat nun.parts;
beachmerk..results.type results [NN_BNCIMRX3Tr_ ATIOPSJ];
int stream; // for the random number generator
part *create-a.part( tnt part.id );
void createconnections( part *db.part, iat numnparts );
void report.results( iat measurement );

public:
ool( tnt num.parts, int stream );
void clear( );
void forward.traversal-measure( );
void insert.measure( );

void load( );
void lookup.measure( );
void reverse.traversal.measure( );

1;
Sendif ._OO1.HU

2.3.8 ool.cc

The source code for the file ool.cc is listed below. This file implements the 001 class. This class implements
the benchmark measures and reporting functions required by the 001 benchmark. The 001 class is non-
persistent.

/,

8 8 8 8 8 OBJECTSTORE

##* 8 989888888 88888 #83t8

"Object Operations Benchmark" R.O.G. Cattell and J. Skeen
Sun Microsystems

ACH Transactions on Database Systems Vol. 17, No. 1, March 1992, Pages 1-31.

ool. cc

Air Force Institute of Technology
Timothy J. Halloran
06 Jul 1993

Revisions: (revisions before 06 Jul 1993 are from previous programs)

01 Jul 1993 -TJH- Modified to include "parames.hh" which contains the
definitions of all benchmark parameters.

01 Jul 1993 -TJH- Modified the program so that elapsed time measurements for

each iteration are stored in an array (called "results").
The results are output after all the benchmark timing
is done.

02 Jul 1993 -TJH- Changed the database build into a single transaction.
02 Jul 1993 -TJH- Created an index on the "id" attribute of the "pert"

class. This optimizes part id lookups (by queries).
06 Jul 1993 -TJ1- Combined all the benchmark measurements into a single

class, the "oo1" class. The programs "loaddb". "lookup",
"1ftrav". "rtrav", and "insert" were merged.

07 Jul 1993 -TiJ- The variable "num-.parts" was added as a class attribute,
and removed as a parameter to every class method.
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07 Jul 1993 -TJI- Moved starting and stoping the benchmark timer to outside
of the database transactions (i.e. outside the
"do.transaction( ) { }" statement).

19 Jul 1993 -TJN- Combined functions so they could be used by "load" and
"insert" to reduce the total amount of code.

19 Jul 1993 -TJI- Added the "clear" function to destroy the benchmark
database.

20 Jul 1993 -TJH- Created the "report.-results" function to reduce the
total amount of code.

20 Jul 1993 -TJU- Fixed several calculations which were not using the
constants in "params.hh" properly (and would have
caused errors if the values were changed).

29 Jul 1993 -TJH- Fixed a major bug in "oo1::insert.measure( )." The insert
was not deleting the connection objects which were created.
This was causing "core" dumps on the reverse traversal,
which was finding these connection objects and trying to
follow them back to part objects (which no longer existed).

02 Aug 1993 -TJI- Moved the removal of connections from a part which is being
deleted from the "ool: : insert -measure( )" function to the
destructor of the part class.

18 Ang 1993 -TJH- Changed out random number generator.
19 Aug 1993 -TJI- Changed the "report.-results( )" function to provide more

concise output.
0/
#include<ostore/ostore. hh>
finclude<ostore/coll. hh>
*include<ostore/rslat .hh>
Sinclude<stdio.h>
Sinclude<stdlib .h>
tinclude(time. h>
extern "C" int strftime(...); // not defined in the <time.h> header file

#include<dice.hh>
Oinclude<stopwtch.hh>
#include<debug.hh>
Sinclude"ool.hh"
Oinclude"connect .hh"
Sinclude"part.hh"
#include"nullproc .hh"

#include"params.hh"

enum { INSERT, FORWARD.TRAVERSAL, LOOKUP, REVERSE-TRAVERSAL };
static char epart.types[1O] - {

"pert-typeO", "part-typel", "part-type2", "part-type3", "part-type4",
"part-type5", "part-type"", "part-typeT", "part-type8", "part-type9"

1;

persistent<db> os.Set<part*>spart::extent = 0;
extern os-database *db;

ool::ooi( int num.parts, int stream)
{

DEBUG.INIT( "001" , "ool::ool" );
DEBUG.OUT( "entering", I );

// save the number of parts in the database
this->num.parts a num.parts;

// save the stream number for use with the random number generator
this->stream - stream;

// calculate the number of nodes which will be visited in a forward traversal
// (this value will be used to normalize the measurements
// from the reverse traversal)
int nodes.at.current.level a NUMCONNECTIONS;
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num-iodes-visited..in..forward-traversal a 1 + NUM..C0IIECTIONS;
for ( int i a 2 ; i <8 TRAVESAL-.DEPTH i++)

nodes-at-current-level s- NUH..CONNECTIOIS;
nus..nodes-visited-in-forward..traveruaI -. nodos.at-current..level;

I
DEBUG..OUT( spriatf( BUG, "number of nod** which will be visited in the

"forward traversal %d".* nuu.nodes.visited~in.forward..traversal ) 2 )

void ool::clear()

DEBUG_.INIT( "1001"1 , "lool::clear" )
DEBUG..OUT( "entering". 1 )

do-transaction(){
db->destray( )
DEBUG..OUT( "database destroyed", 2 )

part eoo1::create_&a.part( mnt part-id )/private

DEBUG..IIIT( "001" . "ool::create..a.part" )
DEBUG..OUT( "entering". 1I)
int new.:;
mnt now..y;
char text..buil&.dato(10J;

// create a new pert in the database
char *new-type a part-.types [roll ( 0. 9. stream )1;
null..procedvre..get..x.y( new-x, new-y. stream ); // null procedure
long new..build-.datetime - roll( JAJL1..1980, JAN-.L1990. stream )
struct tu enew..tm..tinedate a localtine( knew..build..datetime)
strftime( text -build- date. 10. "MMbl", new-tin.timedate );
DEBUG.OITT( sprintf( BUG, "adding part %d (%s %64 16d %s)".

part-id, now-.type, new..:. new-y. text..build..date ), 2 );
return ( new(db) part( part..id. new-.type, new..:, new..y. ne..,build..datetine ))

void oci::creat*-connections( part *db-part, mnt num-.parts ) 1private

DEBUG_.IIIT( '"001" , "ool::create..connectiona" )
DEBUG..OUT( "entering", 1I)
mnt cpart..id;
part *db..cpart;
connection *new-connection;
mnt new..length;
char anew-type;

// create NUN-CONNECTIONS from the part "ldb..part"
for ( mt c - 1 ;c <= NUN.CONNECTIONS ; c++ ) f

if (roll( 1. 10, stream ) > LOCALITT..OF-tEFEBENCE){
II90% of the time create connection to the closest 1% of parts
II(this is tr 9 when "LOCALITT..OF..BEFEUENCE" is equal to 1)

epart..id = db..part->id + (int)roll( 1, (long)( num..psrts /100 ).stream

-i - (int)( nun..parts / 200 );
"I"double up" at the ends (to stay in the part id range)

if ( cpart-id < (int)( nun..part. / 200 ) )
cpart..id a cpart-id + (int)( nun..parts / 200 )

if ( cpart..id > ( num-parts - (int) ( nun..parts /200)))
cpart..id - cpart..id - (int)( nun..parts / 200 )

*IS

II101 of the tine create connection to any part 1. .num..parts
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// (this is true when "LOCALITYOF.REFEtENCE" is equal to 1)
cpart.id a (int)roll( 1. (long)num-parts. stream );

}

1/ create the connection in the database
db.cpart = ( *part::extent )[M id -. cpart-id %]; // query the part
if ( db.cpart->id = cpart-id )

fprintf( stdarr, WAINING[ool: :create..connections] invalid query result\n" );
neo.type - part-types[roll( 0, 9, stream )A;
neo.length = (int)roll( 0. 99999, stream );
DEBUGOUT( sprintf( BUG, "connecting part %d to part %d (%s %1d)",

db-part-)id, db.cpart->id, new.type, noewlength ), 2 );
new.connection = new(db) connection( db-part, db.cpart, neo.type, new.length );

}
}

void ool : :forward-traversal.measure(

DEBUG.INIT( "001" . "oo1: :forwardtraversalmoasure" );
DEBUG.OUT( "entering", 1 );
part Odb.part;
int part.id;

// run the benchmark iterations
for ( int i a I ; i <= NUN.BENCHNARKITERATIONS ; i++ )

// start the timer
stopwatch traversal-timer;
traversal-timer.start( );

do.transaction( ) {
for ( int j a I ; j (= NUM.FORWARDTRAVERSAL ; j-÷ ) {

// lookup a random part
part.id = (int)roll( 1., (long)num.parts, stream );
db-part - ( epart::axtent )[% id -= part-id %]; // lookup the part

// find all the parts connected to this part (up to TUAVERSAL.DEPTH)
results[i - 1] .num_partesconnected = db.part-)forward.traversal( 0 );
DEBUGOUT( sprintf( BUG, "found %d parts connected to part %d",

results[i - 1) .num.parts.-connected, db.part-)id ), 2 );

// stop the timer and save the elapsed time
results[i - 1].elapsed.time = traversal-timer.stop( );

I

// report the benchmark results
report.results( FORWARDTRAVERSAL );

void ool::insert-measure(

DEBUGINIT( "001" , "oo1: :insertmeasure" );

DEBUGOUT( "entering", I );

// run the benchmark iterations
for ( int i = I ; i <- NUNBENCHMARKITERATIONS i++ )

// start the timer
stopwatch insert-timer;

insert.timer.start( );
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do.transaction( ) {

// insert parts into the database and call a "null" procedure

// to get the x and y position for each insert
// (the "null" procedure is called by the "create-a.part( )" function)
for ( int p a num.parts + 1 ; p <a numrparts + NUN.INSEIT p

4
+ )

create-.connections( create.a.part( p ), p );

// stop the timer and save the elapsed time
results[i - 1].elapsed.time a insert -timer.stop( );

// remove the inserted parts and connections
do.transaction( ) {

int largest.original.part-id - num.parts;
osSet~parte> selected-parts a

( opart::extent )[: id > largest-original-part.id :1;
selected-parts.change.behavior( os.collection: :maintain..cursors );
foreach ( part ep, selected-parts, os.cursor: :safe ) f

DEBUGOUT( sprintf( BUG, "deleting part %d", p->id ), 2);
delete p;

}
}

// report the benchmark results
reportiesults( INSERT );

}

void ool::load(

DEBUGINIT( "001" , "ool::load" );
DEBUG.OUT( "entering", 1 );

// time the creation of the 001 database
stopwatch db-creation.timer;
db.creation-timer.start( );

do.transaction( ) f

// create an extent for the part class
part::extent - &osSet<part*>::create( db, 0,

(osoint32)num-parts /* tell ObjectStore the expected size e/ );

// create "num-purt" parts
for ( int p - 1 ; p <= num-purts ; p++ )

create-a-part( p );

// create an index to optimize lookup by part id
os.index.path kkey-spec =

os-index-path: : create( "part*", "id", db );
part: :extent->add-index( key-spec );

// create connections for each part
foreach ( part *db-part, epart::extent

create-connections( db.part, num-parts );

// report the time it took to load the database
double total-elapsed-time = db-creation-timer.stop( );
printf( " %.3f sec\n", total-elapsed-time );

}

void ool::lookup-measure(

68



DEBUGINIT( "001" , "ool::lookup.measure" );

DEBUGOUT( "entering", 1 );
part *db-part;
int part.id;

// run the benchmark iterations
for ( int i a I ; i <- NUM.BENCHNARKI.TERATIONS i++ )

// start the timer
stopwatch lookupt imer;
lookup.timer.start( );

do.transaction( ) {

// lookup parts in the database and call a null procedure for each lookup
for ( int j = I ; j <- NUN.LOOKUP ; j++ ) {

// lookup a random part
part.id = (int)roll( 1, (long)hum.parts, stream );
db-part a ( *part: : extent ) [% id -- part-id %]; // lookup the part
DEBUGOUT( sprintf( BUG. "looked up part %d", db-part->id ), 2 );

// call the required null procedure
null-procedure( db. art->x, db.part->y, db.part->type );

}

// stop the timer and save the elapsed time
results(i - 1 .elapsed-time - lookup-timer.stop( );

// report the benchmark results
report-results( LOOKUP );

void ooi::report.results( int measurement ) //private

S// two debug INITs used in this function so hide this one from the other
DEBUG.INIT( "001" , "oot: :report-results" );
DEBUG.OUT( "entering", 1

}
double cold.elapsed.time;
double total-after.first.iteration = 0.0;
double uarm-elapsed.time;

// report the benchmark results
DEBUG.INIT( "RESULTS" , "eel: :report.results" );

// determine the cold time
if ( measurement a- REVERSE-TRAVERSAL

// the reverse traversal times are normalized
cold-elapsed-time a results [0) .normalizedeslapsed.time;

else
cold.elapsed.time = results[O .elapsed-time;

// calculate the warm time
for ( int i = 1 ; i <= NUMBENCHNARKITERATIONS ; i++ )

// output detailed results if the "RESULTS" environment variable is set
// to at least a level of 1 (i.e. setenv RESULTS 1)
DEBUGOUT( sprintf( BUG, "iteration %2d elapsed time %.3f sec", i,

results[i - i).elapsed.time ), 1 );
if ( measurement -a FORWARD-.TRAVERSAL ) {
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DDUG-.OUT( sprintf( BUG, "(parts found d)",

results[i - 1 .num-.parts-consected ), 1 );
}
if ( measurement as UEVERSE..TAVEUSAL ) {

DEBUGOUT( sprintf( BUG. "(parts found %d normalized time %.3f sec)",

results [i - 1] .num..parts.connected,

results[i - 1].normalized.elapsed.time ), I );
}

// add up the elapsed times (for all iterations after the first)

if (i ! 1)
if ( measurement == REVERSE-TRAVERSAL

total-after-first-iteration -u resultsi[i - 1] .normalized.elapsed.time;

else
total-after.first-iteration +a results[i - 1] .elapsed.time;

I

warm- elapsed.time = total-after.firstiteration I ( NU3_BENCWARK..ITERTIONS - I );

// output a quick summary of all the times
for ( i a1 ; i <u NUN.BENCHKBRK.ITEIUTIONS ; i++ )

printf( " %7.3f". results[i - 1J.elapsed.time );
}
// output the cold and warm results

printf( " C %7.3f", cold.elapsed.time );
printf( " W %7.3f\n", warm.elapsed.time );

void oo1: :reverse.travernal-measure( )

DEBUG.INIT( "001" , "oo1: :reverse.traversal~measure" );

DEBUG.OUT( "entering", 1 );
part *db-part;
int part.id;

// run the benchmark iterations
for ( int i = 1 ; i <- NUM.BENCHMARKITERATIONS ; i++ ) {

// start the timer
stopwatch traversal-timer;
traversal.timer.start( );

do-transaction( ) f
for ( int j = 1 ; j <& NUN.-REVERSE.-TRAVERSAL ; j+÷ )

// lookup a random part
part.id = (int)roll( 1, (long)num.parts, stream );
db.part a ( *part:: extent ) R id == part.id %]; // lookup the part

// find all the parts which connect to this part (up to TRAVERSAL-DEPTH)
results[i - I] .num-parts-connected - db.part->reverse-traversal( 0 );
DEBUG.OUT( sprintf( BUG, "found %d parts which connect to part %d",

results[i - 1) .num.partsconnected, db-part->id ), 2 );

// stop the timer and save the elapsed time
results [i - 1]..lapsed.time a traversal-timer.stop( );
// the results for the reverse traversal are normalized so that they
// may be compared to the forward traversal
// (multiply the time by num.nodes.visited-in.forward-traversal/N,

// where N is the number of nodes actually visited in the reverse

// traversal)

resultsLi - 1 .normalized-elapsed.time = results[i- 1).elapsed.time *
( (double)num.nodesuvisited-in-forward-traversal /
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(double)results[i - 1J .num.parts.connected );
}

// report the benchmark results
report.results( IEVLSE..T-VERSAL );

2.3.9 params.hh

The source code for the file parama.hh is listed below. This file defines several constant parameters which
the 001 benchmark implementation requires.

Sifndef _.PARANS.UH
8defin. _.PARAIS.-h
/*

s 08 # 0 OBJECTSTORE

"Object Operations Benchmark" R.G.G. Cattell and J. Skeen
Sun Microsystems

ACM Transactions on Database Systems Vol. 17, No. 1, March 1992, Pages 1-31.

params .hh

Air Force Institute of Technology
Timothy J. Halloran
01 Jul 1993

Revisions:
15 Jul 93 -TJH- Added ObjectStore specific parameters.

// definition of the number of connections for each part (3 for 001)
#define NUM.CONNECTIONS 3
// definition of the depth of the forward and reverse traversals (7 for 001)
*define TRAVERSAL.DEPTH 7

// definition of the locality of reference value (1 for 001 which means that
// 90% of the connections are randomly selected among the 1% of the parts
/w which are closest (in terms of part id), and the rest of the connections
// are made to any randomly selected part.
#define LOCALITT.OF.REFERENCE 1

// definitions to create a 10 year range of dates
#define JANL-.1980 316550800
$define JAN-.11990 631170000

// 001 benchmark parameters
*define NUNBENCHMARKITERATIONS 10

#define NUN-LOOKUP 1000
*define NUNFORWARD.TRAVERSAL 1

#define NUM.REVERSETRAVERSAL 1
Odefine NUN.INSERT 100

// ObjectStore parameters
#define FETCHSIZEIN.BTTES 8192
Sendif __PARAMSNH

2.3.10 part.hh

The source code for the file part.hh is listed below. This file defines the part class.
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8ifudef .. PART.-NU
#define .-PART_29
/0

0#00# 8888# #
8 83 8 88
8 66 8 08

0 88 8 0 OBJECTSTORE
8 88 3 8

# #8 8 8

"Object Operations Benchmark" R.G.G. Cattall end J. Skeen
Sun Microsystems

ACM Transactions on Database Systems Vol. 17, No. 1. March 1992, Pages 1-31.

part. hh

Air Force Institute of Technology
Timothy J. Halloran
18 Jun 1993

Revisions:
02 Jul 1993 -TJH- Added an index on the "id" attribute.
21 Jul 1993 -TJN- Changed the type of "build" to long (from char) to

comply with the benchmark specification.
0/
extern os-database* db;
class connection;

class part {
public:

persistent<db> os.Set<part*>* extent;
int id indexable;
char type[11;
int X;
int y;
long build;
os.Set~connection*> connectedto inverse.member from;
os.Set<connectione> connected.from inverseomember to;
part( int nev-id, char *nev.type, int ne.•x, int new.y.

long neevbuild );
"part( );

int forvard-traversal( int current.level );
int reverse.traversal( int current-level );

aendif .. PARTHKH

2.3.11 part.cc

The source code for the file part.cc is listed below. This file implements the methods for the part class.

/*

88•888 6888•8 8
8 68 8 88

8 88 8 88
8 8 8 8 OBJECTSTORE

8 8 8 8 •
8••88 8•• 88•

"Object Operations Benchmark" R.G.G. Cattell and J. Skeen

Sun Microsystems
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ACM Transactions on Database Systems Vol. 17, No. 1. March 1992, Pages 1-31.

part .cc

Air Force Institute of Technology
Timothy J. Nalloran
18 Jun 1993

Revisions:
01 Jul 1993 -TJI- The function "null..procedure..lO" was changed to

"null-.procedure".
06 Jul 1993 -TJH- Changed all the debug output to us* the "debug.hh" macros.
21 Jul 1993 -TJH- Changed the type of "build" to long (from char) to

comply with the benchmark specification.
29 Jul 1993 -TJN- Changed the constructor so that the "connected..to" and

"connected-.from" attributes included the behavior
"os-collection:: maintain-cursors." This allows the
connection objects to delete themselves.

02 Aug 1993 -TJB- Moved the removal of connections from a part which is being
deleted from the "oo1: :insert _measure ( )" function to the
destructor of the part class. The destructor function now
deletes all the connection objects which involve the
part being deleted. This will keep the database
consistant.

finclude~ostore/ostore .hh>

#includ*<ostor*/coll .hh>

#include~ostore/relat .hh>

Sincludo~debug. hh>
Oinclude"connect .hh"

Sinclude"part .hh"
#include"nullproc .hh"

#include"params .hh"

part-:part( mnt now..id, char *nev..type, int new~x, mnt new..y,
long new-build)

DEBUG..INIT( "PART" , "part: :part"
DEBUG..OUT( "entering", 1I)

id a new..id;
strcpy( type, now-.type )
x new.1;
y *new..y;
build = now-.build;
connected-to.change..behavior( os -collect ion:: maintain-.cursors )
con~nected-jrom. change-behavior( os-collection:: maintain-.cursors )
eztent->insert( this )

part::-part()

DEBUG..INIT( "PART" , "part: :-part" )
DEBUG..OUT( "entering". I );

DEBUG..OUT( sprintf( BUG, "deleting part %d", id ), 2 )

DEBUG..OUT( sprintf( BUG, "deleting the %d \"1connected-toV" connections",
connected-to.cardinality( ) ), 2 );

IIdelete all the connections from this part to other parts
foreach ( connection *c, connected-to, os..cursor::safe){

delete c;

DEBUG..OUT( sprintf( BUG, "deleting the %d \"1connected..from\"1 connections",
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coanected.fro..curdinality( ) ), 2 );
// delete all the connections to this part from other parts
foreach ( c. connect.d-fron, osecursor: :safe ) {

delete c;

}
eztent->remov*( this );

int part: :forumrd.traversal( int current-level

DEBUG.INIT( "PART" , "part: :foreard.traversal" );
DEBUG.OUT( "entering", I );

DEBUG.OUT( sprintf( BUG, "part id %6d (level %d)", tbis->id, current.level ), 2 );
// call the required null procedure
null-procedure( this->z, this->y, this->typ*

int nu-.partsconnected = 0;
if ( current-level < TRIVERSAL.DEPT' ) {

eoreach ( connection oc, this->connected.to )
nun.parts.connected +- c->to->forverd.traversal( current-level + 1 );

}

return ( nua.parts-coanected + 1 );

int part: :reverse.traversal( int current-level )

DEBUG.INIT( "PART" , "part: :reverse.traversal" );
DEBUG.OUT( "entering", 1 );

DEBUG.-UT( sprintf( BUG, "part id %6d (level Ud)", this->id, current-level ). 2 );
// call the required null procedure
null.procedure( this->x, this->y, this->type );
int nua.parts~coanected = 0;
it ( current.leel < TRAVERSAL.DEPT ) {

foreach ( connection *c, this->connected-fro. ) {
nuu-parts-connected +0 c->froa->reverse.traversal( current-level + 1 );

I

return ( nu--parts-connected + 1 );

3 Simulation Benchmark

This section lists the source code for our implementation of the simulation benchmark. An implementation
was created for the ObjectStore object-oriented DBMS, and a non-persistent version was created. Only the
ObjectStore implementation is listed due to the minor changes (removing the ObjectStore specific code)
necessary to create the non-persistent version of the benchmark.

3.1 ObjectStore Implementation

This section lists the source code for the ObjectStore implementation of the simulation benchmark. The
implementation was created on version 2.0.1 of ObjectStore using the C++ DML API. The executable
simbench is the benchmark program, and the executable create sets up a database for use with the benchmark
program.

74



3. 1.1 Makeflle

The Makefile for the ObjectStore SimBench source code is listed below.

include *(OSROOTDIR)Ietclostore ink
OS..COHPILATlONLSCEEHLDB..PATHO
prowler: /ur3ldatabaaos/ostore..data/sia. cop..schean

OS.-APPLICATION-.SCSIKM..DD.PATN*
prowler : Iur3/databaaeuloetore..data/sim..app..achma

*It debug output in desired uncomment the 'CCFLAGS" def inition with
S "-DDEBUG" in it. Only one definition should be uncamented.

*CCPLAQSw-I. -DDEBUG -DXTFUNCPROTO -1/usr/questwin/include
-1lusr/questvinlincludelll I -gx

CCFLAGSu-I. -DITFUICPROTO -I/usr/quomtwin/include -I/usrlquestuin/include/lll

LDFLAGSu-Llumrlquestwinllib/I1

LDLIBS=-ln -loscol -los
SOURCESaaircraft.cc create.cc dic*.cc expon.ce hex.c hezboarAi.cc hexplay.cc

locatian.cc modelocc pmmlcg.c siisbench.cc ximulate.cc stopvtch.cc truck.cc
ODJECTSmaircraft.o create .o dice.o expon~o hex.o hexboard~o hexplay.o

location.o model~o paulcg.o simbench.o simulate.o stopwtch.o truck.o
EXECUMALESusimbench create

all: M{IECUTABLES}

atrong*.:
05CC -c paulcg.c
cc -c -I/usr/questwin/include -I/usr/questwin/include/111 hox-c

sinbench: simbench.o simulate.o hexplay.o model.o aircralt.o truck.o
hezboard.o location.o stopvtch.o dice.o ezpon.o pmlcg.o hez.o

*{LINK.cc) -o simbench \
siubench.o sinulate.o hexplay.o\
model,.* aircraft .o truck .o hexboard .o
location.o stopvtch.o dice.o expon.o pmlcg.o hez.o\
${ILIBS) ${LDLIBIS

create: croate.o
*{INK.ccl -o create create.o S{LDLIBS}

clean:
rin -f *{EZECIJThBLES) e .o

osra -f /usr3/databaseu/ostore..data/sin 
.comp..ucheaa

depend:
osuiakedep depend $(CCVLAGS) $(CPPFLAGS) -files $(SOURCES)

include .depend

3.1.2 aircraft.hh

The source code for the file aircraft~hh is listed below.

Sifndef ..... AIRCRAFL-EI
#define ---AIRCRAME.NN

0 1 # 88586 loss8 I*8883 ## #te**e **#*i
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* 8 6 8 8 8 8 8 8 8 88 8

aircraft .hh

Air Force Institute of Technology

Timothy J. lalloran
20 Aug 1993

*/
#include"player .hh"

class aircraft : public player {

char name 10];
char home-basea11J;
char locationEiOJ;
char mnisc.sim-data[51J;

public:

aircraft( char esu*, char *homoebase, char *location, char icii.xiadata );

environment eclone( as.database edb, os-configuration *fodel-config );
void execute( char *me*sag*, model *sirn-model );
char *query( char *data.item);

#endif ._.AIRCRAFT.U

3.1.3 aircraft.cc

The source code for the file aircraft.cc is listed below.

/*

68886 6 868 6 66888 866886 6 8
8 6 6 8 8 8•I 68 8 6 88 8

aircrsaft, cc

Air Force Institute of Technology
Timothy J. Halloran
20 Aug 1993

Revision*:
30 Sop 1993 -TJI- Removed all clams inline functions due to compiler

limitations (CC compiler is not a "full" C++).
0/

#include<ostore/ostore. hh>

Sinclude<ostore/coll .hh>

$include(ostore/rlat . hh>
#include<stdio. h>
Sincluda<stdlib .h>
#include<string .h>
#include<debug. hh>

#include'modal.hh"
Sinclude" aircraft .hh"
#include'dice.hh"
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Sincluda"expon .hh"
Sinclude" location. hh"

Idefine STREAM I

aircraft: :aircraft( char *nano, char *hone.base, char elocation,
char *eisc-sia..data

DZBUG.INIT( "AIRCRAFT" , "aircraft: :aircraft" );
DEBUG.OUT( "entering", 1 );

stxacpy( aircraft::name, name, 9 );
aircraft: :name[91 = '\0 ;
strncpy( aircraft: :hamo.base, home-base, 10 );
aircraft::home.baseo[O] a 1\01;

strncpy( aircraft::location, location, 9 );
aircraft::location[9] - 1\01;
strncpy( aircraft: :misc.sint.data, misc-sim.data, 50 );
aircraft::misce.sia.data[50J] a 1\0;

DEBUG.OUT( sprintf( BUG, "'s %a %a", name, homeobase, location ), 2 );
I

environment eaircraft: :clone( oadatabaso edb, os~configuration emodelconf ig
{

DEDUG.INIT( "AIRCRAFT" , "aircraft: :clone" );
DEBUG.OUT( "entering", 1 );

environment *c a nev(db, model-config)

aircraft( name, home-base, location, misc-sim.data);
return c;

}

void aircraft::execute( char emessage, model esin-model
{

DEBUG.INIT( "AIRCRAFT" , "aircraft: :execute" );
DEBUG.0UT( "entering". I );

DEBUG.OUT( xprintf( BUG, "message is \"%8\"", message ). 2 );
if ( !strcmp( message, "MOVE" ) ) {

// execute the "MOVE" event
mnt hexboard.vidth, hexboard-height;

// determine the size of the hexmap
for ( environment Ce a simnmodol->first_nmeber ; a ; e = e->next ) {

if ( !strcap( *->query( "NAME" ), "HEIBOARD" ) ) {
hexboard-width u atoi( e->query( "WIDTH" ) );
hexboard.height u atoi( o->query( "HEIGHT" ) );
break;

I

// move the aircraft
random-move( location, hexboard.vidth, hoxboard-height );

// schedule this aircraft to search the hex (exponential with mean 30.0)
sim..modl->schedule( this, nano,

tim-model->sia-timo + (int)oxpon( 30.0 , STREAM ),
"SEARCH" );

else if ( !strcup( message, "SEARCH" ) ) {
// execute the "SEARCH" event

for ( environment eo v sinmmodel->first.member ; a ; -= *->next ) {
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if ( !strcap( e->query( "LOCATION" ), location ) ) {
it ( istrcup( e->query( "CUSS" ), "TI.1CW" ) ) {

// located a truck in the sme hex
si•_model->addlogite.( neze, e->query( "AMAE" ) location,

sim.*udel->sim.tiae );
I

}

s/ schedule the next move for this aircraft (exponential uith mean 60.0)
sim_.odel->schedule( this, name.

sim.model->sim.time + (int)expon( 60.0 , STREAM ),
"MOVE. );

I
else f

fprintf( stderr, "WAUNING [aircraft-%s] unknown message\n", name );
I

}

char *aircraft: :query( char *data.item
{

DEBUG_INIT( "AIRCRAFT" , "aircraft: :query" );
DEBUGOUT( "entering", I );

if ( :strcmp( data-item, "CLASS" ) ) {
return "AIRCRAFT";

}

else if ( strcmp( data.item, "NAME" ) )
return name;

I
else if ( .strcmp( data.item, "ROME• ASE" ) )

return hoie.base;
I
else if (:strcmp( data-item, "LOCATION" ) ) (

return location;
I

return "ERROR";
I

3.1.4 create.cc

The source code for the file create.cc is listed below.

/*

#8888

# 8 888#loss 888 # 8 0 8 8o8#88

• 88888 8 888888 8 8
* 88 8 8 8 8 8 8

create. cc

Air Force Institute of Technology
Timothy J. Nalloran
17 Lug 1993

*/

Sinclude<ostore/ostore.hh>
#include<ostore/coll .hh>

#include<ostore/relat .hh>

#include<stdio.h>
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*iucludecatdlib h>
Sinclude<debng .hh>
Oinclude"model .hh"

Sef ine TRU& I
#def in. FALSE 0

oa..database *db = 0; IIrequired to be here by ObjectStore
peraistent<db) oa.Set~model*> *model:: extent *0;

peruiatent~db> oa..workapace *sixuwa = 0;

m~ain( int argc, char eeargv)

DUBUG-INIT( "MAIN" , "main"'.
DF.SUG..OUT( "entering". I );

// check the command line arguments
if ( argc < 2) f

fprintf( atderr, "create [databaseJ\n" )
return 1; // exit the program

char odb..nam* a argv[13;

// output a program title
printf( "CREATE [OBJECTSTORE] Air Force Institute of Technology\n" )
printt( " Creating ObjectStore database \'I9A\.n". db..namme

objectutore: :initialize( );
oa-collection: :initialize( )

// open the database
db a oa-database: :create( db..name )

do-transaction 0) f
aim-s. a os-workspace: :create-global( db )
oa..vorkapace::aet..current( sim-ws )

do-transaction 0 f
// create an extent (with an index on "name") for the model class
model::extent a &os.Set~modele)::create( db, 0, (oa..int32)100 )

db->cloae( )

3.1.5 environ.hh

The source code for the file environ.hh is listed below.

fifndef ---ENVIRONNEN?.JHR
Sdefin* ---..EMIRONNEM-99

S # S ###

*9 9 8 6 6 86 86
# 66 68## # # 6 83 13
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environ. hh

Air Force Institute of Technology
Timothy J. Halloran
20 Aug 1993

*/
8includ*<stdio. h)

class environment {

public:

environment enext;

virtual -environment( )

f
// empty}

virtual environment eclone( os.database *db, ouconfiguration 'model_config )

environment sc , neu(db, model.config) environment( );
*c = *this;

return c;
I

virtual char equery( char *data.item

// this code should not be called
fprintf( stderr, "WARNING[environment: :query] base class function called\n" );
return "ERROR";

}
I;
*endif --.UNVIRONM TH

3.1.6 event.hh

The source code for the file event.hh is listed below.

Sifndef .-- EVENT.-U
#define --- EVENT.-H

* 8 0 33 83 # 0

# #8 #3 6 SS #

nttttt It tttttt o t t

event .hh

Air Force Institute of Technology
Timothy J. Halloran
20 Aug 1993

Sinclude<stdio. h)
Uinclude"player .hh"

class event{

public:
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char message[80];
event *next;
event eprey;
int time;
player *to.playor;
char to-player.name[JO];

event( player etoaplayer, char *to.player.name, int time, char *message
{

event::to.player a to-player;
strncpy( event::to.player-name, to.player-name, 9 );
event::to.player.name[9 A I\0);
event::time a time;
strncpy( *vent::message, message, 79 );
event::message[79] I J\0';
event::next a event::prev a NULL;

};

8endif ___EVENT.-H

3.1.7 hex.h

The source code for the file hex.h is listed below.

Sifudef .hex.h

Sdefine .hex-h

* 8
* 8 888888 8 *
* 88 88

* 8 888888 8 8
* 8

# 8 8 8 88888 #818 ##8888 88#38

1 8 I 8 8 88 88 S
#I # # #I ### #

1• If # I I Jil #JJ #

hex.h (he% widget public header file)

Air Force Wargaming Center
Timothy J. Halloran

September 1990

*/

Resources:

Name Class RepType Default Value

XtNbuttonCallback Callback Callback MULL
XtNdisplayHexLabels Boolean Boolean True
XtNhexLabelFont Font IFontStruct* XtDefaultFont
XtNhex~utline Color Pixel XtDefaultForeground
ItNhexRadius Width Dimension 30
XtNnumberHexX Width Dimension 10
XtNnumberlexY Height Dimension 10
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ItNstackingDot Color Pixel ItDwfaultForeground

Child Resources:

memo Class RepType Default Value

XtNhexl Position int
XtNhexY Position int

*/

/* special resource names not in <X11/StringDefs.h> */
#define ItNbuttonC'llback "buttonCallback"
#define ItNdisplayiexLabels "displayHexLabals"

#define XtNhexLabelF:.t "hexLabelFont"
#define ItNhexOutline "hexOutline"

#define %tNhexRadius "hexRadius"
#define ltNnumberHexX "numberHexX"

#define ItNnumberfexY "numberHexY"
#define XtNstackingDot "stackingDot"

/e for children e/

#define %tNhexX "hexX"
#define ItNhexY "hexY"

/* method declarations for the hex widget e/

Widget HI.CreateHexWidgeto;

void HXWhichHex();

/* declare the class name

*define hexClassName "hex"

/* declare specific box widget class and instance datatypes e/

typedef struct _HexClassRec* HexWidgetClasn;

typedef struct _HexRec* HexWidget;

/* declare specific hex widget public structures ./

*define MAXX 200 /* Maximum width of the hex board e/
*define MAlT 200 /* Maximum height of the hex board e/

typedef struct {
int hexl; /* X hex coordinate */

inm heY; /* Y hex coordinate e/
} HXcoordinate;

/* declare the hex widget class constant c/

extern WidgetClass hexWidgetClass;
gendif *hex-h

3.1.8 hexP.h

The source code for the file hezP.h is listed below.

lifndef -hexP-h
#define -hexP-h
/.

# 08 0 #60000 8 8

# S # 88

* 88 68
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a a ases MO aM 99

s a
a a a a of##* 0as aas aa

hexP.h (hex widget private header file)

Air Force Wargafing Center
Timothy J. Halloran
September 1990
0/

*include "hex.h

/e include superclass private header file .
sinclude <1il/CoreP .h>
*include <XIl/CompositeP .h>
$include <XIilConstrainP .h>

sdefine MARGIN 3 /* margin around hex board (in pixels) *

/* functions in hex.c */
void fi1l-uttonlandlerO;
void NL-CalculatelexLayoutO;
void BI..ChangeManagedO;
void HX-CheckStackedO ;
void HX-ConstraintlnitializeO;
Boolean NI..ConstraintSetValues 0;
void HX..Destroy0;
void HL-DravSingle~exo;
void BI.Kxpose0;
kt,^eometryRssult HX-GeometryManager0;
void HX-lnitializeO;
void 11.Resize0;

typedef struct f
IPoint layout[8]; /* 0 is center; 1-7 is hex outline e
jut stacked; 1* Stackin flag. True if more than e

/*one child, False if one or zero.*/
} Elex;

typedef struct f
mnt make-compiler-happy;

} exClassPart;

typedef struct -DexClassflec{
CoreClassPart core..class;
CompositeClassPart composite-class;
ConstraintClassPart constraint-class;
HexClassPart hex-class;

}HexCiasslec;

extern HexClasslec hexClazsRec;

typedef struct f

I. resources 5

XtCallbackList button..callback; /* The button callback list 5

Booleani display..hex..laboel; /* Are labels drawn on each hex? 5
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/* (True or False) */
ZFontStruct *hex.label-font; /* The font used for hex labels '/
Pixel hex.outline; /* Color for drawing hex outlines 'I
Dimension hex-radius; /* Hox radius in pixels
Dimension number.hex-x; /* Width of the hex board in hexes e/
Dimension nnmber.hex.y; /0 Height of the hex board in hexes ./
Pixel stacking.dot; /* Color for the stacking dot .1

/* private state */

GC gcjhax-outlina; /* Graphics context for drawing the 5/

/I hex outlines and labels.
GC gc-stacking.dot; /* Graphics context for drawing the 5/

/e stacking dot 0/

Hlhex hex-board DWAI+ 1 [(MXTI); /* The hex board
I HexPart;

typedef struct .HexRec {
CorePart core;
CompositePart composite;
ConstraintPart constraint;
HexPart hex;

I HexRec;

typedef struct .HexConstraintsRec

HXcoordinate position;
I oxConstraintsRec, *HexConstraints;
Sendif .hexP-h

3.1.9 hex.c

The source code for the file hex.c is listed below.

8 8
* 8 888888 8 8

* 8 8 |88 8
8 88• • 88 • •88

8 8 888888 8 8•8 8

hex.c

Air Force Wargaming Center
Timothy J. Halloran
September 1990

Revisions:
02 Oct 1993 -TJH- Modified to minimize the huge amount of memory

used by the AFWC implementation. This was done
to allow very large hex boards to be created.

(Air Force Institute of Technology)
02 Oct 1993 -TJR- Created the "HXDestroy" function to make sure that

memory is returned to the system when a hex is
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destroyed (this was not being done. this widget
had LARGE memory leaks).

02 Oct 1993 -TJN- The hex widget presently has a static maximum size.
It is defined by NAIX and MAZY in the "hex.h" file.
I added code to ensure the defined maximums are not
violated, but a dynamic solution would be MUCH better.

#include <stdio h)
#include <string .h>
#include <math.h>
#include <X11/IntrinsicP.h>
#include (Z1I/StringDefs .h>

#include llhexPh-

static Ztl~esource resources(]*
*define offset (field) XtOffact (BexWidget, hex, field)
/* {name, class, type, size, offset, default..type, default..addr}, 5

f ZtNbuttonCallback, XtCCallback, XtRCallback, sizeof (XtCallbackList),
off uet(button..callback), ZtRCallback, NULL),

{ Xtldisplaylex].ablels, XtC~oolean, ZtftBoolean, sixeof (Boolean),
offset (di spl~q..hex- labels) , ZtlString, (caddr..t)"True"},

f ZtNhexLabelFont, ZtCFont, ZtR~ontStruct, sizeof(XFontStruct 0),
off set(hex..label..font), ZtlString, "MtefaultFont"},

f XtNhex~utlin*, XtCColor, XtRPixel, sizeof (Pixel),
offset(hez-outline). ZtRString, ZtDefaultForeground),

f Wthezladius, ZtCWidth, ZtHDimension, sizeof (Dimension),
offset (hex..radius), XtRString, (caddr-t) "30"},

{ tjnumber~exl, XtCWidth, XtRDimension, sizeof (Dimension).
off set(number-hex..x), ZtRString, (caddr..t)"1O"},

{ tNuumberlexY, ZtCeieght, XtADimension, sizeof (Dimonsion),
off set(number..hex-.y), XtRString, (caddr..t)"1O"),

{ tlstackingDot, XtCColor, ZtRPixol, sizeof (Pixel),
off set(stacking-dot), XtRString, ZtDefaultForeground},

gundef offset

static Xtlesource hexConstraintalesourcos0 - I
/* {name, class, type, size, offset, default..type, default..addr}, *
{ tNbexZ, Wtposition, ItRInt, sizeof(int),

XtOff set (HexConstraints, position.hexl), ItiString, (caddr-t)"i}
{It~hexY, XtCPosition, XtRInt, uizeof(int),
XtOffset(liexConstraints, position.hexY), XtRString. (caddr..t)"11"},

static XtActiouslec actions(]
f
/ename, procedure), s

{"handle-button", IZ..Buttonlandler},

static char translations 0
<BtnDown>: handle-button() \n\

lexCiasaRec hexCiassRec {
f /* core fields */
/* supercleassn (WidgetClass) kconstraintClasuRec,
/. class-name e/ hexClassName,
/* widget-size 5/ sizeof(NexRec).
/* clasu..initialize 5/ NULL,
/e clasu-part-.initialize e/ NULL,
/* class-inited 5/ FALSE,
/e initialize 5/ Z..Initialize,
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/* initialize..hook .1 NULL,
/* realize C tlnhorjtReal ize,
/* actions */ actions,
/* nuna..ctions Cl XtNumber(actions),

/*resources s/ resources,
/* num-resources ./ tnunber(resources),
/* xxmuclasa Cl ULQUARK,
I. compross-motion e/ TRUE,
/* coapress-exposure . TRUE,
/* comprosu..enterleave e TRUE,
I. visible-interest .1 FALSE,
/* destroy el BDestroy,
/e resize e/ HIResize.
/* expose e/ HExpose,
/* set-values e/ NULL,
/* set-values-hook e/ NULL,
/e set..values-almost Cl ItheritSetValuesAlaost,
/* get..values-hook e/ NULL,
Ie accept-focus e/ NULL,
/* version e/ W ersion,
/* callback-private *l NULL,
/e tm-table .1 translations,
Is query-geometry Cl It IheritQueryGeouetry,
I. display-.accelerator Cl ItnheritDisplayAccolerator.
I. extension e/ NULL,

/* composite fields e
I. geometry-manager e/ X.GeouetryManager.
/* change-.managed N/ ULLle*HX-ChangoNanagedel,
/* insert-child */ ItnheritlnsertChild,
IC delete-child */ XtlnheritDelet*Child,
/e extension e/ NULL,

{ * constraint fields e
/c subresources */ hexConstraintlesources,
IC subresources-count 0/ XtNumber(hexConstraintResource.),
/* constraint-.size e/ sizeof(NexConstraintsflec).
/* initialize e/ HLConstraintlnitialize,
/e destroy */ NULL,
I. set-.values R/ HConstraintSetValues,
/e extension e/ NULL,

{ I hex fields *
IC make-coinpiler-happy 0/ o

WidgetClass helWidgetClass =(WidgetClass) &hexClassftec;

void HI.Buttonffandler (hu, event, params, num..paraus)
HexWidget hi;
ZEvent *event;
String epareas; /* unused *
Cardinal enuum~parems; /e unused e

/0 Call the ltNbuttonCallback callback list C

XtCallCallbacks(hu, XtNbuttonCallback, (caddr-t)event);

void NI..CalculateflexLayout (layout, quarter -hex.-vidtb, half .hex..height)
IPoint layout[];
mnt quarter..hex..idth;
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int half-h~x..height;

/4. Calculate hex side points *
layout (1] x = (layout [0] X-quarter-hex..width);
layout [1]- -y (layout[OJ .y-half..hox.height);
layout [2] .x -(layout[(0].z+quarter-hex-uidth),
layout[23.y a layoutC1].y;
layout (3].x a (layout[0] .x+2equarter.hex-width);
layout L3J y - layout (0]y
layout (4J.x a layout[2J .X;
layuntE4] .y - (layout[O] .y+half~hexjkeight);
layout[sJ.x M layoutri].z;
layout[S].y n layout[4J.y;
layout (6].x a (layout[O] .x-2equarter..hex-width);
layout [6J .y a layout (oJy
layout[T] - layoutti];

void NL-Change~anaged(hw)
Hexididget hi;

Ic Do nothing S

void 81-CheckStacked(hw. hexX. hex!, Islnit)
Uex~idget hi;
mnt hexX. hex!;
int Islnit;

HexConstraints child-.const;
int i, num..children;

I. Determine how many children are in this hex c
if (Islnit) I. If child is being initialized it doe, not show in list e

numm.children - 1;
else

num-children - 0;
for (i=O; i~hw->composite.nun.-children; i++){

it (hv->composite children~iJ ->core.menaged){
child..const - (IexConstraints) hw->composite. children CiJ ->core. -constraints;
if ((child-const-)position.hexX - hoxX)kk

(child~const->pouition.hexY hebxy)) f
nun-children++;

if (num..childron~l){
/* draw stacking dot e
hw->hex:.hex..boerd (hex!] (hex!] -stacked - True;

else {
/* erase stacking dot e
hi- >hex hex.-board (hex!] [hex!].stacked a False;

Ic Redraw the hex e
HL-DrawSingleiex(hw, hex!, hex!);

void HI..Constraintlnitialize(request, new)
Widget request, new;

HexConstraints hex-const a (NexConstraints) new->core.constraints;
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BexWidget hv - (NexWidget) neu->core parent;

/* Check that the boil and hex! are in range .
if ((hezconst->Position.boxl < 0)11

(hex:_const->position.hex:l > hv->hox.nuaber..hex..)) f
hex..const->position.hexl = 1;

if ((ez..const->position.hexT < 0)11
(hex-const->position.hexY > hv->hsr.nuaber..hex.y)) {

hex:_coast->position.hozY = 1;
I

I. Set the widget in the correct position .
new-)core .x - (Pouition) hv->hex. iaez.board~h~x-const ->position hoxIl

Ehex- co'st ->position. hoxlj layout [0) .x- (now-> core. width/2);
neu-)core-y a (Pohition)hu- >hex. hox.board [hez..const ->position. hexlJ

[hex- const ->position. hexTyJ .ayout [0J .Y- (now->core. height/2);

/* Check hex f or stacked children */
RX-CheckStacked(hw. hex- coast ->position. hexX, hex- const ->position.heoxY, True);

Boolean NL-Constra~intSetValues (current, request, new)
Widget current, request, new;

HerConstraints new..conut - (HexConstraints) new->.core-constraints;
HexConstraints current-const a (NexConstraints) current- >core. constraints;
HexConstraints child..const;
HexWidget hi = (HexWidget) neu->core.parent;
Position x, y;
mnt i. nua..children;

/* Chock that the latitude end longitude are in range 0/
if ((new-const->position.hexl < 0)11

(new~const->position.hoxl > hw->hex.number..hex..x)){
new.-const->position. boil - current-const->position.heil;

if ((new~const->position.hoxY < 0)11
(new..const->position.hexY > hw->hex-number~hex..y)) f

new-const->position.hexl - current~const->position. hexY;

/0 Set the widget in the correct position *
x = (Position) (hw- >hex.heox -board Cnev..const ->position. hexl]

[new..coust- >position. hexY) .layout [0j .x-(new->coro .uidth/2));
y = (Position) (hw->hex .hex..board~new..const->position.hexXI

Enew..const->position.hexYJ .layout[OJ .y-(new-)cor..heightl2));
ItMoveWidgot(current, x. y);

/* Check now and old hex for stacked children e
Hl-CheckStacked(hw,

now..const->position.hexX.
now-const-)position hexY,
False);

HI.CheckStacked (hi.
current-const->position.hexl,
current..const->position. hex!.
False);

return(False); /e redraw .

Widget IX.Createlexvidget (parent, name, erglist. argcount)
Widget parent;
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String name;
ArgList arglist;
cardinal ergcount;

return(ZtCreateWidget(naae. hex~idgetClass. parent, &rglist, argcount));

void NL-Destroy(hu)
HeiWidget hw;

/* release the GCs being used by the hex widget .
ltl*leas*GC(hu, hw->hex~gc..hex.outline);
XtleleaseOC(hw, hw->hex.gc-stackin~g..dt);

void I1-Draw~inglelex(hu. hex!, hex!)
lex~idget hw;
jut hexI,h~x!;

mnt hex-label..len, hex..label-vidth;
char hex..label[20J;

/* Only draw hex it widget is realized c
if (ltIs~ealized(hW) f

/* Draw the hex e

/* 1. draw the stacking dot 5

if (hw->hox.hex-board~hexlJ [hex!) stacked){
I~illRectangl*(XtDisplay(hw),

ZtWindow(hw),
hw->hex gc-stacking..dot,
(hw->hex.hex..board[hexlJ (hex!).layout~lJ .x 4 3).
(hw- >hex. hex..boardthexx] (hex!] -layout~l] .y * 4),
4.
4);

I.2. draw the hex outline 4

IDrawLines(XtDisplay(hw),
It~indow(hw),
hw->)hex .gc..hex..outline,
&hw->hex .hex..board[hexlJ [hex!] .layout [1],
7. Coord~od*Origin);

/* 3 draw the hex label */
it (hw->hex.display-hex..labels){

sprintf(hex..labol,.Zd-Xd' .hexl,hex!);
hex-label-len a strlen(hoz-label);
hex..label..width - XText~idth (hw- >hex. hex- label-font, hex-label,

hex..labeoleln);
J.DrawString(XtDisplay(hw).

lt~indow(hu),
hv->hex.gc-hex-outline.
(hv->hex .hex-board~h~xX] (hex!] .layout (0]. x-
(int) (bex.label-vidth/2)),
(hw->hex.hex-board~hexIJ (hex!].layout [4] .y-2),
hex-label.
hex..labol-les);

voit Il..Kxpose(hu, event)
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EelWidget be;
Ilvent **vast;

int loop..keight. loop-.width;

/* Redraw the area e/
for (loop-vidth. ; loop..width~uhu-)hex .nuuber~hexz..;loop-juidth+*){
for (loop..heightul loop,.height<shv->hex number-hez..y ;loop-height++){

it ( (hw-h>bx .hebo-oard [loop- uidth] [loop-.height] -layout [3]. x >-
event->xexposo. z)&&

(hv->hex hez..board~loop..vidthj Eloop..heightJ layout E6J.<
(event->xexpose z~event->xexpose width) )k*

(hv->hex.hez..board[loop,.widtbj (loop..height] layout[4J .y>-
event-)xexpoue .y

(hw->hex hex-board~loop-uidtbj Eloop..heightJ layout (IJ~<
(event->zexpose .y+event-)zxepose.height)))

RX-DramSinglelex(hw. loop..width, loop..height);

XtGeometryResult 3I.Geooetry~anager(w. request, reply)
Widget w;
XtWidgetGeometry *request;
XtVidgetGeooetry *reply;

/s No position changes allowed! .
if(request->request..modo k CVI kk request->z w->core.x)II

(roquest->request-mode & CWT U request->y a ->core.y)){
return(XtGeooetryNo);

return (tGeoometryTes);

void RI..Initialize(request, new)
HexWidget request, new;

mnt htalf .hex-height, quarter..hex..width;
mnt loop-.width, loop-height. i;
XGCValues values;

/* Check width and height of the bex board 5

if ((nev->hex.nunbor-hex-x<=O)11i(new->hex.nunber-hex..y<aO))
XtError("Hex board can't have zero height or width");

if ((new->hex.number-hex..x)NAXI)11(new->hex.nunber..hex.y>MAXT))
ItError("Nex board to large");

/* create outline (3C */
values. foreground - request->hex .hoxoutline;
values, font a request->hex .hexlabel..font->fid;
new->hex .gc..hex.outliue - It~etGC(nev.

(GC~oreground IGCFont),
&values);

/0 Create stacking dot GC */
values, foreground a request->hex . tacking..dot;
new->hox . gc.stacking.Aot a XtGetGC(uew,

(GCForeground),
&values);

/* Set hex widget size */
quarter..hex-width a (int) ((sin(OLPI/I8O.O)*30.O)e

(double)new->hex .hez..radius) +0.5);
half..hez.height a (int) (cos(OL-PI/l8O.O)530.O)s(double)new->he.hex..radius);
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neu->core.vidth a ((jut) (uu->hex.uuab~r-hez..x12)e
(2euew->hex.hex..redius+2.quarter-hex-width))+
quarter .hex.vidth+
((now->hex .uuber.hex..x%2).3*quarter..hex.vidth)4 (2sKAIGIN);

ueu->core.heishts ((n~u->hex .nuber-hex..y*2*half-hex..height)
*halfiiex~height) .(2eNARGIN);

I. Create layout data for each hex .1
for (loop..width-l;loop..vidth~wnew->hex.numbarhez..z;loop..vidth++) 4
for (loop-height.1 ;loop..heightfuneu->hex .nuaber..hez-y loop..height4+) {
/s Calculate hex center point Cl
new->hez . hex..board [loop-wvidth] [loop-.height] . layout (0J . x

((loop..vidtheneu->hez .hex.radius)+(loop-vidth-i)*querter..hezvidth)
*ttAaaIN;

now-)>hex. hex-board loop..vidtbJ Lloop..hoight] layout [0J .7y
(nev->core .height- ((loop-heigjite2ahalfixex..height)-
(loop..vidth%.2)*haltheox-height))-M.&RGIU;

HL-CalculateleaLayout (now- >hex. hex-board [loop-.width] [loop-heightJ layout,
quarter..hez..uidth.
half..hex.height);

/* Set stacking to false 0/
now- >hex. .hex.board [loop-wvidth] [loop-.height] stacked False;

void IX..Resize(hw)
BexWidget hv;

/* Resize not supported C

void HXlhichflex(hw, x, y. henX, boxy)
len~idget hv;
int x, y, ehexX, *boxy;

mnt loop...idth. loop-.height. cur..min..distmnce. distance;
int deltal, deltaY;

cur..min.Aistance a 32767; 1* a very large number C

for (loop..vidthul ;loop-vidth~uhv->hex nunber-hex.x ; loop..vidth++){
for (loop-he ighti 1; loop..height<.hv- >hex .number-hex- y; loop-height ++){

delt&X a (hw- >hex. hex..board [loop..vidthJ Cloop..he ightJ layout [0J. x -x)

deltaY = (hu- >hex. hex-board [loop-wvidth] [loop..height]J.layout (0) . y - Y);
distance a (int) sqrt ((double) (deltaledeltaledeltaY'deltaT));
if (distance < cur..min..distance) {

ehex! - loop-width; *holy - loop-height;
cur-.min..distanco a distance;

3.1.10 hexboard.hh

The source code for the file hexboard.hh is listed below.

Sifudef --- NEXBOARDHH
#define --- UXEOARD-JN

8 8 888
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$M Ms fiS| 088# 1 1 # fil 1 0II 0 0I

# #I MWI I#I* I I I

hexboard.hh

Air Force Institute of Technology

Timothy J. Halloran
20 Asg 1993

0/
#includs"onviron.kh"

class hexboaurd : public environment I

char name[lO];,
ant width;

char width-str[lO];
int height;
char hoyJht.-tr[lOr;

public:

hoxboard( char *nano, tnt width. nt height)

environment *clone( on.database edb, os-configaration smodel-config );
char equery( char *data-item );

#endif -...HEBOARD..U

3.1.11 hexboard.cc

The source code for the file hezboard. cc is listed below.

/*

9 0 9|J~ 0 9 # # Ji # I 4 0 # # 0 #

**#*so# #$so$ $0 loss## # S # 0 0 8 9 #

#aa sasa s a Isses IsMa I a a a a #9 a

hexboard cc

Air Force Institute of Technology
Timothy 3. Halloran
20 Aug 1993

Revisions:
30 Sep 1993 -TJH- Removed all class inline functions due to compiler

limitations (CC compiler is not a "full" C++).
/c

Sinclude<ostore/otore.hh>
5include(ostoro/coll hh>

Sinclude<ostore/rolat.hh>
8include<stdio.h>
Sinclude<stdlib.h>
ainclude<string.h>
ainclude<debug.hh>
aincludeohexboard.hh"
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hexboard: :hezboerd( char *name, int width, int height

DEBUGJKINI "NEIDOAID" . "herboard::hexboard" )
DEBUG..OUT( "entering". 1 );

strncpy( hexboard::name, name, 9 )
hexboard::neae[9J = \*
hezboard: :width a width;
sprintt( vidth..atr, *'Id". width )
hexboard::height a height;

DEBUG..OUT( sprintt( BUG. "%o %a %o", name, vidth..utr. heightsotr ),2

environment ohexboard: : clone( on. database *db, ou..configuration emodel~contig

DEBUG-INIT( "NEUBOARD" , "lhexboard:: clone" )
DEBUG-OUT( "entering', I );

environment sc a nov(db, model-conlig) hexboard( name, width, height )
return c;

char ehexboard: :quary( char *data..item

DEBUG..INIT( "HEXDOARD" . "heixboard:: query" )
DEBUG..OUT( "entering". I );

if ( !strcnp( data-item, "CLASS")){
return "I1EXICARD";

I
else if ( *utrcap( data-.item, "MAKE")){

return "NEXBOARD";

else if ( !utrciup( data-.item, "WIDTH")){
return width..etr;

I
else if ( !utrcmp( data..item, "HEIGHT")){

return height-str;

return "ERRR";

3.1.12 hexcplay.hh

The source code for the file hexplay..hh is listed below.

#itndef --- EXPLAL-HB
fdetine --- HEILAL-HN

* I * 0 $ I

* 66 66 # 6 6

hexplay.hh

Air Force Institute of Technology
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Timothy J. Halloran
30 Sep 1993
0/
void add-player-to-hexboard( char *player..class, char *playerjeame,

jut pos-x, int poa..y
Sondif -..3EPLAI..E

3.1.13 hexplay.cc

The source code for the file hexplay. cc is listed below.

*8 888888# 0 M

hex 8888 8 88 888 8

ki Foc Inttt of Technology 8

hexpudelayec hD

finclude~stdio.h

finclude~hexplay .hh"

void lower- symbol-cb( Widget w. ItPointer closure. ItPointer cailldata )

extern Widget map;

void add .player..to-hexboard( char *player-class, char *player-name,
int pos-x, int pos..y)

ImString label - ImStrinSCreateSimple( player-name )

Widget symbol a ItVaCreateManagedWidget( player-class,
xmPushiuttonwidgetClass, map,
ItNhexX, poa..x,
XtNhexY, pos-..y
laNlabelString, label,
ImflbighlightThickness. 0,
NULL );

XmStringFree( label )
ItkddCallback( symbol, IuNactivateCallback,

lover..uymbol..cb, NULL )

void lover..symbol-cb( Widget w, ItPointer closure, XtPointer cailldata

IIlover the symbol so that another can be seen if there are more than one
XLoverWindow( ItDiaplsay( w ) * ItWindowC w )
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3.1.14 location.hh

The source code for the file tocation.hh is listed below.

Sifudef _.LOCATION_.HB
Sdefine ._LOCATIONHB
/*

S

# so$ #1 #So* 8 #T #*go :888 555 SAS 38 85653 8 833 88

S S S 8 888SSI S 3 5 S S 338
5 5 S 65 # S S a 38 58 8

location.bh

Air Force Institute of Technology

Timothy J. Halloran

29 Sep 1993

void decode-location( char *location, int& pos..x int& pos.y );

void encode.slocation( char *location, int pos.1. int poxy );

void random.move( char elocation, int hexboard.vidth, int hexboard.height

*audit __LOCkTION.HR

3.1.15 location.cc

The source code for the file location. cc is listed below.

/*

location.cc

Air Force Institute of Technology
Timothy J. Halloran
29 Sep 1993

ginclude<stdio.h>
Sinclude<stdlib.h>
Oinclude<string.h>
#include<debug.hh>
#include'location.hh"
8include"dics.hh"

*define STREAM 1

void decode- location( char *location, int• pos.x, intl pos.y
{

DEBUGINIT( "LOCATION" , "decode_location" );

DEBUG-.OUT( "entering", I );
char pos-x.str[lO ;
char *pos-y-str;

strcpy( pos.x.str, location );
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pos..xstr[4] a 1\01;
pon-y.str a &"os.-xstrESJ;
pos-x a atoi( pos.-z.tr );
pos.y - atoi( pos-y.str );

DEBUG.OUT( sprintf( BUG, "pos.x %d pos.y %d", pos.x, pos.y ), 2 );
}

void encode-location( char *location, int pos-x, int pos.y )
{

DEBUG.INIT( "LOCATION" , "encode.location" );

DEBUG.OUT( "entering". I );

sprintf( location, "04d-%O4d", pos-x, pos.y );

DEBUG.OUT( sprintf( BUG, "%s", location ), 2 );
}

void random.move( char *location, int hexboard.uidth, int hexboard.height

DEBUG.INIT( "LOCATION" , "random.move" );
DEBUG.OUV( "entering", 1
int posnx, pos-y;

DEBUG.OUT( sprintf( BUG, "old location %s", location), 2);
decode.location( location, posex, pos-y );

// make a random move (six possible directions)
switch ( roll( 1. 6, STREAM ) ) {
case 1:

po05y++; II move up
break;

case 2:
pos.x++; 1/ move right
break;

case 3:

if ( pos.x % 2 )
posey--; // move down for an odd hex location

else
po04y++; II move up for an even hex location

poe.x++; // move right
break;

case 4:

pos.y--; // move down
break;

case 5:
poe.x--; // move left
break;

case 6:

if ( pos.x % 2 )
pos.y--; // move down for an odd hex location

else
pos-y++; // move up for an even hex location

pos.x--; // move left
break;

// make sure the player stays on the hexboard
if ( pos.x > hexboard.width ) pos-x = 1;
if ( pos-x < 1 ) pos.x - hexboard-width;
if ( pos.y > hexboard-height ) pos.y w 1;
if ( pos.y < I ) pos.y - hexboard.height;

encode.location( location, poesx, pos.y );
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DEBUG-OUT( uprintf( BUG, "new location %a", location ), 2 )

3.1.16 logitem.hh

The source code for the file logitem.hh is listed below.

Sifnde~f --- LOGITEH..U
#define ---..LOGITEMA.H

# ## #

# 888 888 $# 3#8 366

logitem-hh

Air Force Institute of Technology
Timothy J. Halloran
20 Aug 1993

class logitem f

public:

char aearch-aircraft (10);
char track-found[10J;
char location..found[10];
mnt time;
logitem *next;

logitem( char *search-.aircraft,* char *truck-found, char *location..found,
mnt time

strncpy( logitem: :search..aircraft, search-.aircraft,* 9 )
logitem: :search..aircraft [9) - \*
strncpy( logitem: :truck..found, truckj.ound, 9 )
logitem::truck-foundE9J = \;
strncpy( logitem: :location-found, location-.found, 9 )
logitem::location..found[gJ a \*
logitem: :time atime;

void output( FILE soutfile

fprintf( outfile, "%los I %1Os I %lOs I %6d sec\n", search..aircreaft,
truck-.found, location-.found, time )

#endif --- LOGITEM-HH

3.1.17 model.hli

The source code for the file modeLhh is listed below.

#ifndef --- MODEL-RE
*define --- NODEL..HH
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so S#
38 88 686 838 368

model. hh

Air Force Institute of Technology
Timothy .1. Helloren
20 Aug 1993

0/

Sincluds'environ .hh"

Sinclude~event . h"
8include"player .hh'
8incltlde'logitem.hhi"

extern os. database *db;

class model{

public:

char name [13);
jut aim-time;
osSet<environment*> members;
o...Set<event*> events;
event *f irst-event;
event *last-event;
environment ef irat-member;
environment *last-membe;
logiten *first-logitem;
logitem *last..logitem;
oa-contiguration *model-config;
persistent~db> oe-Set<model*> *extent;

model ( char *name,* os..configuration *model..config )
model ( model *old..model, char *name, os-configuration *model..config )
-model( );
void clear( )
void run-until...im-goal-tim( mnt goal-sim..time )
void add..environnent..member( environment* new-member )
void add..logitem( char esearch..aircraft, char *truck-found,

char elocation..tound, mnt time );
void schedule( player eto-player, char* to..player..name,
imt at-.time, char *message )

Sendif --- MODEL-8BH

3.1.18 model.cc

The source code for the file model. cc is fisted below.

# S # 8 # 38* 8
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model. cc

Air Force Institute of Technology
Timothy J. Halloran
20 Aug 1993

#include~ostore/ostor*. hh>

*include<ostore/coll .hh>

Sinclude~ostore/r~lat .hh>
8include~stdio.h)
Oinclude~stdlib .h>
Sinclud*<string .h>
*include~debug.hh>
Sinclude".nviron .hh"
Sincludellevent .hh"

#includo"player .hh"
*includo"model .hh"
gincludelllogitem.hh"

#def ine TRUE I
#def ine FALSE 0

extern os-.database *db;

model: :model( char *name, oa..coniiguration *model..config)

DEBUG..INIT( "MODEL" . "model: :mode1" )
DEBIIG.OUT( "entering", I );

// create the now model (it starts of f empty)
strncpy( model::name, name, 12 )
model: :name[i2) - \=
model: :model..comfig u model-config;
Sim..time 0;
first..event a last-.event = NULL;
first-muember - last-.member a NULL;
first..logitem w last-logitem a NULL;

eztent->insert( this )

model: :model( model *old..model, char *name, ox-configuration emodel-config)

DEBUG..INIT( "MODEL" , "model: -model (copy)" )
DEBUGOUT( "entering", 1 )

// create the new model
strncpy( model: :name, name, 12 )
model: :naae[i2) n \*
model: :model-config amodel..config;
first-event a last-.event - NULL;
lirut..member - last..member a NULL;
first..logitem a last-logitem a NULL;

// copy the simulation time
sim..time a old..modol->sim-time;

// copy all the evironment members
for ( environment em old..model->first-member ; m a m->next){

add-.enviromment..member( m->clane( db, model..conf ig);
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// copy all the events
for ( event *e a old.model->first.event ; e ; 0 a e->next )

// find the handle to the new player in this copy of the model
int scheduled.event a FALSE;
for (m a first.aeaber ; a ; a a m->next )

if ( strcmp( m->query( "NAME"), e->to.player.nane ) ) {
player *p a (players)m;
schedule( p. o->to.player-name, e->time, e->smSeage );
scheduled.event = TRUE;

)

if ( !scheduled-event )
fprintf( stderr, "ERROR[model: :model(copy)] unable to copy an event\n" );
exit( I );

}

// copy all the logitema
for ( logitem *1 - old-model-4irst.logitem ; 1 ; 1 a 1->next )

add-logitem( 1->search-aircraft, l-)truck.found, l-)location.found, 1->time );

extent-)inszert( this );

model::-model( )

DEBUGINIT( "MODEL" , "model: -model" );

DEBUG.OUT( "entering", 1 );

clear( );

*xtent->remove( thin );

void model: :clear(

DEBUGINIT( "MODEL" , "model: :cleew" );
DEBUG.OUT( "entering", 1 );
environment *temp_m;

event ftemp.e;
logitem *tamp.l;

// delete all the environment members

for ( environment *m a first-member ; m ; )
temp.m = m->next;
delete m;
m a temp.m;

members.clear( );
first.member a last.member w NULL;

// delete all the events
for ( event *e = first-event ; a ; )

temp.e n e->next;

delete e;
a a temp._e;

events.clear( );
firnt-evont a last.event = NULL;

// delete all the logitems
for ( logitem *l = first.logitem ; 1 ; ) {
temp-l = 1->next;
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delete 1;
1 * temp.l;

first.logitem a last.logitem = NULL;

// reset the simulation time
siutime a 0;

}

void model: :run_until_aimgoal.time( trt goalaim.-time )

DEBUGIINIT( "MODEL" , "model: :run.until.simn4oaltiue" );
DEBUG.OfUT( "entering". I );
event *executingevent;

// do nothing if the model is asked to run backwards
if ( aim-time >* goal.aim.tim ) return;

// simulate
while ( aimttime < goal-aim-tim )

if ( first.event on NULL ) {
/I there are no events left so update time and exit
sin-time a goal-aim.timo;

)
else if ( first.event->time >a goalaim..tiee ) {

// the next event does not occur before the goal time
ain.time a goal..im.time;

}
else {

// execute a single event
executing-event a first.event;
first-event a first-ovent->next;
if ( first.event an NULL ) f

// there are no more events

last.event = NULL;
I
else {

// there is at least one remaining event in the event list
first.ovent->prev a NULL;

I
sim-time aexecuting.event->time;
// execute the event
DEBUG.OUT( sprintf( BUG, "%a executing \"%s\"",

executing.event->to.player.name, executing.event-)messaao ), 2 );
executing.event->to.player->execute ( executing-event- >essage, this );
/I destroy the event (no persistent object leaks please)
events.remove( executing-event );
delete executing.event;

void model: :add.environment.member( environment* new-member )

DEBUG.INIT( "MODEL" , "model: : add.environmentmember" );
DEBUG.OUT( "entering", 1 );

/I insert into the ObjectStoro database set of members
members.insert( now.member );

// insert the new environment member on the member list
if ( first.member an NULL ) {

// insert the member as the only member on the member list
first.member - last.member a new.member;
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new.-mmber->next a NULL;
}

else {
// insert the new member at the end of the member list
last.member->next = new-aember;
last-aomber - new.member;
newmeaber->next a NULL;

}
}

void model: : add.logitem( char esearch.aircraft, char etruck-found,
char *location-found, int time

{

DEBUG.INIT( "MODEL" , 'model:: addlogitem" );

DEBUG.0UT( "entering" 1f );

// create a new logitem
logitom enew.logitem a now (db,model.config) logitem( search.aircraft,

truck.found, location.found, time );

// insert the new logitem on the logitem list
if ( first.logitem un NULL ) {

// insert the logitem as the only logitem on the list
first-logitem a last-logitem a neowlogitem;
neowlogitem-)next a NULL;

I
else {

// insert the new logitem at the end of the list
last.logitem->next a neowlogitem;
last.logitem a new-logitem;
new.logitem->next - NULL;

I

void model: :schedule( player *to-player, chare to.player.nmme,
int at-time, char emessage )

{
DEBUGINIT( "MODEL" , "model: : schedule" );
DEBUGOUT( "entering", );

// create a new event
event enew-event - new(db,model.config) event( to.player, to.player.name,

at.time, message );

I/ insert into the ObjectStore database set of events
events.insert( new.event );

// insert the new event on the event list
if ( first-event as NULL ) {

I/ insert the event as the only event on the event list
first-event a last-event a new.event;
new.event->next = now.event->prev = NULL;

I
else {

// insert the event in the event list in time order
for C event ee a last.event ; e ; e = e->prev ) {

if ( e->time <a new.event->time ) {
// insert the event after "e"
new.event->next a *->next;
new-event->prev a o;
e->next a new.event;
if C a nu last.event ) {

// this item is now the last item
last~event a newevent;
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}
else {

aev..event-)next->prev a neu.event;
}
break;

}
else if ( a -u first.event ) {

// insert the event at the very beginning of the event list
nw-evoent->prov = a->prev;
n,..event-)next -•;
e->prev n neo.event;

firsteevent a neowevent;

break;

3.1.19 player.hh

The source code for the file player.hh is listed below.

#ifndef -.. PLATER_31
fdefine .--- PLAYER-.H

S 8 8 88 8 8 I8888 8#888
# SS St 555 S $

•~ • #•• # •#R

S M 8888 8 8 3 88388

player. hh

Air Force Institute of Technology
Timothy J. Halloran
20 Aug 1993

5/

Iinclude<stdio.h)

Vinclude"environ.hh"

class model;

class player : public environment I

public:

virtual -player( )

/ empty
}

virtual void execute( char emessage, modelo sin.model )

// this code should not be called
fprintf( stderr, "WARNING [player: :execute] base class function called\n" );

Sendif ... PLAIERt.J
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3.1.20 simbench.cc

The source code for the file simbench.cc is listed below.
/,

8 888$885 88$ 8888888

#8 8 8 8

# 8 8 $ 8

8 8 • t$ 8 888 8 8 8 8 8

8 88 #888 #8 #
8 8 8t I 88 8 8 i 8 83 85 8 8

* $ $ 8 88 $88 8 888 $ 88 8

88888 8 8 8 #8888S8 i#8888 8 8 8888 8t 8

simbeach .cc

This module contains all the user interface code. The user interface
uses the OSF Motif look and feel. Very little in this module should
need to be changed to port the "simbench" program to a new
object-oriented DBMS.

Air Force Institute of Technology
Timothy J. Nalloran
15 Aug 1993

Revisions:
24 Oct 1993 -TJB- Fixed a bug in the run until timing, the timer was

waiting until the user pressed the OK button.
5/

#include<stdio .h>
#include<stdlib.h>
$include<sys/time.h>
#include<sys/resource.h>
#include<stdarg.h>
#include<Im/DialogS.h>
#include<Xm/Form.h>
$includeo<m/Frams.h>
#include<(m/Label.h>
#include<Xm/NainW. h>
8include<lm/lessBag, .h>
ginclude<Xm/PanedW .h>
$include<Xm/PushB. h>
#include<Im/RowColumn .h>

#include<Xm/ScrolledW.h>
Sinclude<Im/SelectioB.h>
#includ<1m/Text .h>
linclude<hex .h>
Sinclude"simlate .hh"
Sinclude"stopvtch .hh"
extern "C" int getpagesize( ); /1 not defined in a header file

// declare functions used in this module
l//I/I//// Utility and Setup Routines //////

void create-map-dialog( );
void createorunning-dialog( );
double get.clock.time( );
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void set-starting...aeu.state( )
void sotup...ain-uindow( )
void updata..aep-.dialog( )

I///IIUser Information Routines ///II
void log-.jrint( char *fmt.
void usg..print( char *fat, .

void update..model..usg( int model-oxists )
Ill/Il t Callback Support Routines I~~ll

char *get-about...essage( );
Widget get..top-shell( Widget w

/III//It Callback Routines IIIII
void done..running..cb( Widget w, XtPointer closure, ItPointer cailldata )
void uenu..configurecb( Widget w, XtPointer closure, X t~ointer caiLdata)
void sienu..execute..cb( Widget w, ItPointer closure, XtPointer call-data )
void menu..file-cb( Widget w, ItPointer closure, XtPointer cailldata )
void menu..help..cb( Widget w, ItPointer closure, XtPointer call..data )
void menu..post..cb( Widget w. ItPointer closure, XtPointer call-data )
void take-.down..cb( Widget a, ItPointer closure, X t~ointer call-data )
void take-doan-named..cb( Widget w, ItPointer closure, ItPointer call-data )
void try..connect-cb( Widget a, ItPointer closure, ItPointer call-data );
void try-..create-scenario..cb ( Widget a, XtPointer closure, ItPointer call..data )
void try-neajmodel..cb( Widget a, ItPointer closure, ItPointer call-data );
void try..open-uodel-cb( Widget w, ItPointer closure, It~ointer call-data )
void try..run..until-cb( Widget a, ItPointer closure, ItPointer call-data )
void try..save..as..cb( Widget Y, XtPointer closure, ItPointer call~data );
void try-set-time-ratio..cb( Widget a, XtPointer closure, XtPointer call-data)
void try-set-time-olice-cb( Widget a, ItPointer closure, XtPointer call~data )
void update-map..cb( Widget w, ItPointer closure, ItPointer call~data )

/II/// t Work procedures I~/lI
Boolean run-untiiawork..proc( ItPointer client..data)
Boolean run-work..proc( XtPointer client-data )

//////Generic Ask User Routines IlI/I
mnt generic..ask..user( unsigned char dialog-.type, char *question,

char eansaer-yes, char *answor-no, mnt default-ansver )

#define IRELRADIUS 40
*define TITLE-.MSG "1AFIT Simulation Benchmark"
*define VERSIO3N-MSG "ObjectStore Version"
#define CONNECT-DIALOG-MSG "Enter ObjectStore database filename:'1
$define SLICE.DIALOG.JSG "Enter desired time slice."
*define RATIO..DIALOG-MSG "Enter desired time ratio:"'
*define RUNU..UWIL..DIALOG-MSG "Enter desired goal time for run:"'

String fallbacks[ I - {
"Simienchebackground: Sff c633",
"SimBencheforeground: black",
"SinflenchefontList: -- evtc-eimreei------.s
"Sim~enchehexboard. background: forestgreen",
"SimBenchehexboard.hexLabelpont: fixed".
"SiuBenchehexboard .hex~iitljne:. white",
"SimflenchehexboardefontList: fixed",
"Simflenchehexboard*hAICRAFrebackground: grey",
"SimBenchehexboard*TRtfClcebackground: goldenrod",
"Sim~enchelogefontList: fixed",
NULL,

char escenerio..promnpts[0
"Number aircraft:",
"Number trucks:",
"Neiboard size:",
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II used by generic-ask.kuser
Sdefine YES 1
*define NO 2

// global and module variables
static ItAppContext app;
static Widget toplevel;
static Widget message;
static Widget log;
static Widget running$dialog;
static Widget map-dialog - NULL;
static Widget map.control;

Widget map a NULL; // visible to "hexplay.cc"
static int run-until-goal-time;
static stopwatch eglobal-timer;
static double next-clock.time-to-run;
static double last-run.clock.time;

void main( int argc, char **argv
{

toplevel = XtVa~pplnitialize( &app, "Sim~ench", NULL, 0,
(Cardinal e)&argc, argv, fallbacks, NULL );

xtVaSetValues ( toplevel,
ItNtitle, "AFIT SimBench - ObjectStore Version",
NULL);

setup.main..indov( );
set.starting.menu.state( ); // Not all menu choices are sensitive
update.model-msg( FALSE );

ItRealizeWidget( toplevel );

create-running-dialog( );

XtAppMainLoop( app );
}

//// Utility and Setup Routines
Il/l/

void create.map-dialog(
{

map-dialog a XtVaCreatePopupShell( "map",
xzDialogShellWidgetClass, toplevel,
ItNtitle, "View Map",
ImNmappedWhen~anaged. False,
NULL);

Widget pane = XtVaCreateWidget ( "pane". xmPenedWindowWidgetClass,
map-dialog,
XmNsashgidth, 1,
lmNsashieight, 1,
NULL);

// set up the control area of the dialog
map-control a ]tVaCreateManasgdWidget( "control",

xuScrolledWindowWidgetClass,
pane,
ImNheight, 400,
ulmscrollingPolicy, ImAUTOMATIC,

NULL);
// set up the action area of the dialog
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Widget action a XtVaCreateWidget ( "action". xuForuWidg~tClass, pane.
IaNtractionjase, 7,
NULL );

Widget ok - ItVaCr~ateManagedWidget( "OK",
xmPush~utton~idgetClaus. action,
lafltopAttachment * ImAT!ACBFORK,
Xm~bottomAttachiment, * ATTACL-FORN,
ImglettAttachaent, XmATTACH-POSITION,
Xu~leftPositioui, 1,
mNurigjitAttachmont, ImATTACL-POSITION,
ImNrightPosition, 2,

mNlshowAsDefault * True,
Zn"default~uttonShadouThickness, 1,
NULL );

XtAddCal.'r-ack( ok, XmNactivateCallback,
take..down-namod..cb, "map" );

Widget update = ItVaCreateManagedWidget ( "Update",
xmPushluttonWidgetClass, action,
laNtopAttachment, ZmATTACH.F0R14,
ImNbottomittachment, IaAT'TACH-FOM,
IznfleftAttachment, InATTACH.POSITION,
XmflleftPosition, 3.
XuNrightAttachnent, XmAT1TACLPOSITION,
XisNrightPosition, 4,
XmNdefault~uttonShadowThickness, 1,
NULL );

XtiddCallback( update, X&NactivateCallback,
update..map..cb, "map" );

Widget help - XtVaCreateManagedWidget( "Help",
znPushButtonWidgetClass, action,
XmNtopAttachmont, IznATTACHF03N,
Xmjbottomkttacbzsent, IrnATrACL-FoRN,
XmNleftkttaclusent, XnATTACN..POSITION,
lmlleftPosition, 5,
XmirightAttachuent, XmATTACHPOSITION,
ImNrightPosition, 6,
XmNdefaultfluttonShadovThickness, 1,
NULL );

XtSetSensitive( help, False )
Xt~anagaChild( action )
Xt~anag*Child( pane );

// make sure that the action area can be always be seen
ItWidgetGoometry size;
size.request-mode = CWleight;
ItQueryGeometry( action, NULL, *size )
Xt VaSet Values ( action,

IinNpane~aximun, size .height,
XaNpana~inirmum, size .height,
NULL )

void create..running.Aialog()

Arg argo [3);
XtSethrg( args [0), XmNdialogStyle, XmDIALOG-FULL..APPLICATION.JIODAL )
ZtSetArg( argai11, ImNautoUnmanage, False )
XtSethrg( args (2). XuNnoftesize, True );
running-.dialog - XmCreateuorkingDialog( toplevel, "running", args, 3 )
ItUnmanageChild( Xm~essageBoxGetChild( running-dialog, XmDILLOG-OK-.BUTTON ))
XtUnmanageChild( Xm~essage~oxGetChild( running-dialog, XmDIALOG..HEI.PUTTON ))
%tlaSetValues( XtParent( running..dialog)

XtNtitle, "Running Simulation",
NULL )
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double get-clock..time(

utruct timeval t;

// read the current clock time and return it
it ( gettimeofday( Xt. (struct timezone*)0 ) ) f
fprintf( stderr, "ERROR [get -clock-.time] unable to read time\n" )
exit( I )

I

void set-stmrting..menu-state()

Widget &-menu;

// Set parts of the the "File" menu insensitive
if ( a-.menu = XtNa-eToWidget( toplevel, // Disconnect

"main-wvindow. menu-.bar. popup-f ile..menu. file-mienui.buttonA V
XtSetSensitive( a-.menu, False );

if ( a.-menu - XtNazneToWidget( toplevel, // Now Model...
"main..vindow .menu..bar .popup..file..menu. file..aenu .button..2" )
XtSetSensitive( a-.menu, False );

if ( a-.menu IIXtNameTouidget( toplevel, // Open Model...
"isain..uindov .menu.-bar .popup..file-menu .file-menu .button..3" )
XtSetSensitive( a-.menu, False ),

if ( a-.menu a ItlameToWidget( toplevel, // Close
"main..uindov.menu..bar.popup..file-Aenu.file~menu.button..4" )
XtSetSensitive( a-.menu, False );

if ( a-menu a XtNameToWidget( toplevel, // Save As...
"main..vindov .menu-bar .popup..file..menu .file-.menu .button..5"
ItsetSunsitiv*( a-.menu, False );

IISet the entire "Configure" menu insensitive
if ( a-menu - tlsmeToWidget( toplevel, "main-wuindow. menu..bar. button_.1 V

XtSetSensitive( a-mienu, False );

IISet the entire "Execute" menu iusens..tive
if ( a-.menu a tNameTo Widget C toplevel, "main..vindov. menu..bar .button..2"

XtSetSensitive( a-.menu, False );

IISet the entire "Post Process" menu insensitive
if ( a-.menu II XtNumeToWidget ( toplevel, "main..vindo . menu-bar. button..3" )
XtSetSensitive( a-.menu, False )

void setup..main..uindov(

Iiglobal variables: Widget toplevel
Widget main-wvindow - XtVaCreateManagedWidget C "main-wvindow".

xmMainllindovWidgetClass. toplevel,
NULL );

XmString file IIIuStringCreateSimple( "File" )
XinString configure a IinStringCreateSiinple( "Configure" )
JImString execute = IuStringCreateSimple( "Execute" );
ImString post a XmStringCreateSimple( "Post Process" )
XmString help a XmStringCreateSimple( "Help" );
Widget menu..bar - XmlaCreat*Simple~enusar( main-wvindow, "menu-.bar",

ImVaCISCADEBUTTON, file, 'F',
ImVaCASCADEBUTION, configure, 'C',
ImVaCASCADEBUTrON, execute, 'E',
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ImV&CASCADEBUTION, post, 'P',
ImVaCASCADEBUTTON, help, I'H'
NULL ).

ZmStringFree( file )
ImStrin&Free( configure )

XmStringFree( execute )
ImStringFree( post )
ImStringFree( help )

// Inform the Menuier which one of its Cascedeluttons contains the "Help" menu
Widget help-menu;
if ( help-uenu a ItlameToWidget ( menu-bar, "button-" )

It VaSet Values ( menu-.bar, XmlmenuH*lpWidget, help..menu. NULL )

IIfirst menu is the "File" menu
InString connect a XmStringCreateSiinple( "Connect.. .")

ImString disconnect a ImStringCreateSinple( "Disconnect" )
laString now-model - IuStriagCreat*Siaple( "New Model...")
InString open-miodel - XmStriugCreateSimple( "Open Model ... " );
XuString close-.model = XmStringCreateSimple ( "Close" );
luString save..as-model a XmStringCreateSimple( "Save As ... " );
ImString quit a mStringCreateSimple( "Exit" );
ImVaCreateSimplePulldownMenu ( menu-.bar, "file-.menu", 0, menu-jile..cb,

ImVaPUSEBUTTON, connect, NULL, NULL, NULL,
ImVaPUSHBUTTON, disconnect, NULL, NULL, NULL,
XmVaSEPARLTOR,
XmVaPUSHBUTTON, new..model, 'N', NULL, NULL,
XmVaPUSHBUTTON, open-model, '0', NULL, NULL,
XmV&PUSHBUTrON, close..model, 'C', NULL, NULL,
XmYaPUSIDUTTON, save..as.model, 'S', NULL, NULL,
XmVaSEPARATOR,
Im~aPUSHBUTTON, quit, NULL, NULL, NULL,
NULL );

ImStringFree( connect )
ImStringFree( disconnect )
ImStringFree( new-.model )
IuStringFree( open..model )
ImStringFree( close-model )
XmString~ree( save-jis-jodel )
XmStringFree( quit );

// second menu is the "Configure" menu
JuString create-scenario - ImStringCreateSimple( "Create Scenario ... "1
InString clear-sicenario a ImStrin$CreateSimple( "Clear Scenario,,)
XmVaCreateSimplePulldown~enu( menu-.bar, "configure-.menu", 1,

menu..configure..cb,
ImVaPUSHBUTTON, create~scenario, 'C', NULL, NULL,
ImVaPUSHBUTTON, clear-.scenario, IS',, NULL, NULL,
NULL );

XmStringFree( create-scenario )
XmStringFree( clear-scenario );

// third menu is the "Execute" menu
JuString time-.slice = XmStringCreateSimple( "Set Time Slice ... " );
IsaString time-.ratio - ImStringCreateSimple ( "Set Time Ratio. . ." );
InString run - ImStringCreateSimple( "Run" );
ImString run-.until a ImStringCreateSimple( "Run Until ... " );
XmVaCreat*SimplePulldown~enu( menu-bar, "ezecutejnenu", 2, menu..execute..cb,

XmVaPUSHDUTTON, time-.slice, '5', NULL, NULL,
IUVaPUSHBUTTON, time..ratio, IT', NULL, NULL,
Im~aSEPARATOR,
XmVaPUSEDUTTON, run, 'R', NULL, NULL,
IY~PUSHDUTTON, run..until, 'U', NULL, NULL,
NULL)
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ZmStringFree( time..alice )
ZmStringFree( time-.ratio )
XaStringFree( run );
lmStringFre*( run-.until )

// fourth menu in the 'Post Process" menu
ZaString view a XinStriagCreateSimple( "View Map...")
XaString reports a XmStriugCreat*Siwple( "Generate Report" )
XmVacreateSimpl*Pulldown~enu( naeu..bar, "post-.menu", 3. menu. post-cb.

XmVaPUSnBU'rON. view, 'V'. NULL. NULL.
XmVaPUSIBUTTON, reports. 'I' * NULL . NULL,
NULL );

XmStringFree( view )
ImStringFree( reports )

// fifth menu is the "Help" menu
XnString about - XmStringCrea~t*Simple( "About Sim~ench..." )

XmVaCreat*SimplePulldowaMenu( menu-bar, "1holp..meau". 4. menu..holp.cb.
XmVaPUSHUTfTON, about, 'A' , NULL, NULL,
NULL );

XmStringFre*( about )

It~anagaCbild( menu..bar )

Widget pane a ltVaCreateWidget ("pane", xmPanodWindou~idgetClass,
main..window.
XmffxashWidth, 1,
Imusashleight, 1.
NULL );

Arg args [9);
XtSetArg( args[0J, Xamirows. 20);
ItSetArg( args[1J. ImNcolumns, 80);
XtSetArg( args[2], XmNeditable, False);
XtSetArg( args [3]. Xmledit~ode, XNULTI..LINE-EUIT);
XtSetArg( args [4]. Xmlwordvrap, True);
XtSethrg( args [5), ImNocrolllorizontal, False);
XtSetArg( args [6J, XmNblinkflate, 0);
XtSetArg( arge [7]. ImilsutoShowCursorPosition, True);
XtSetArg( arga (8) XmNeursorPositionVisible, False);
log n XmCreateScrollodoret ( pane,* "log",* args * 9 )
XtManageChild( log );

Widget message.-frame a XtV.Creat.ManagdWidget( "umessage...rame",
xm~ramevidgetClaas, pane.
ImNshadowType, ImSHADOW..ZN,
NULL );

message a XtVaCreateftnagsd~idget( "message". x mLabol~idgetClamss
message-tframe,
Xmlalignment * XA&LIGMNNTBEGINNING,
NULL );

IImake sure that the message area can be always be seen
XtWidgwtGeoometry size;
size. request..mode = CWleight;
ItQuaryGeometry ( message-.frame, NULL, ftAize )
Xt VaSet Values ( message-frame,

XmlpansMaximum, size, height.
Xm~pane~inimum, size height.
NULL );

XtKanaeChild( pane )

XtVaSetValues( main-.window,
XmNmenuBar, menu-.bar,
XmNworkWindow, pane,
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NULL)

void update..map..dialog()

int uap-midth;
mnt map-.height;
double olapsed~time;

ift map ) f
IIdestroy the old map

XtDestroy Widget ( map )
MAP . NULL;

s/ tart the timer to time the map update
stopwatch map-timer;
aap..timer.stert( );

if C 'in-get..hezboard-size( map-wuidth, map-.height)){
fI ailed to determine the size of the heiboard

generic-ask..user( XZDIALOG..ERROR,
"Unable to determine the size of the hexboard",
"OK", HULL. TES )

elseo
map a tVaLCreatellidget C "hexboard', hexWidgetClass, map-.control,

XmllborderWidth. 0,
XtNheuladius, HEX-RADIUS,
XtiNuuberlezl. map..,idth.
XtNnumberlezY, map-.height,
NULL );

sim-add..players..to-hexboerd( )
It~anageChild( map )

update-.model-sg( TRUE ) Iupdate the message erea

// atop the timer
elapsed-time a map-timer.stop( )
log..print C "Creating the map took %7.3f seconds~n', elapsed..time )

I/IUser Information Routines

void log-print( char efmt, )

char buff er[iOOJ;
static ImTextPosition wpr..position; IImaintain text position
va-list args;

va..start( args, fmt )
(void) vsprintf( buffer, tint, args )
va..end( args );

ImTextlnsert( log, vpr-position. buffer )
vpr..position +- strlen( buffer );
XtVaSetlalues( log, XmlcursorPosition. vpr..position, NULL )
XmTextShovPosition( log, wpr..position )



void mug-print( char *fat. ...
{

char buffer[1O] ;
va.list args;

va.start( args, tat );
(void) vsprintf( buffer, fat, args );
va.end( args );

XmString string = XmStringCreateSimple( buffer );
XtVaSetValue ( maesage,

XIMlabelString, string.
NULL );

XmStringFroe( string );

void update.model-msg( int model.exists )
{

if ( model-exists )
asg.print ( "Current model: %s [simulation time UP]",

simnget-current.model.name( ), simnet-current.sim.time( ) );
alse

msg-print( "Current model: none" );
}

Il// It Callback Support Routines
II//

char eget.aboutmessage( )
{
*define SYSTIMEISG "System time used:"
#define USRTIME.MSG "User time used:"
#defin. MINPFAULTMSG "Page faults (no physical I/0):"
*define XAJPPAULT.-SG "Page faults (physical 1/O):"
0define SWAP.ISG "Number of program swaps:"
#defin. KAXSETNSG "Maximum resident met size:"
Idefine SEC-MSG "seconds"
*defin. USEC.-SG "microseconds"
Udefine BYTE-MSG "bytes"

static char buffer[500);
struct rusage rusage;

// lookup the system resource usage
if ( getrusage( RUSAGE.SELF, &rusage ) ) {

fprintf( stderr, "ERROR[get-aboutmesssageJ getrusage call failure\n" );
exit( I );

}
// update the message
sprintf( buffer, "Xsn\n\n\nxs %d %a %d %s\n~s %d %9 7d Xs\n"

"%a Xd\n~s Xd\nX. Xd\n•s %d %X".
TITLE-MSG,

VERSION-NSG,
USITIME.MSG,
ruage ru.utime tv.-sc, SEC.NSG,
ruage ru._utime. tv_..sec, USECJSG.
SYSTIMZ-NSG,
ruins.. ru.stim. tv-sec, SE-_SG.
rusage, ru.stime tvusec, USEC.ISG,
MINPPAULT.MSO, rusage .ru.nmitflt,
MAJPFAULT.-SG, rusage.ru.majflt,
SWAP-NSG, rusage ru.nswap,
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ruaage.ru..eaarss * tp&gesize( BY DTE-00 )
return buffer;

Widget get..top..shell( Widget w)

while ( w U& !XtlsWHShell( v )
wa X tParent( w

return w;

IlI t Callback Routines

void done..running..cb( Widget w. XtPointer closure, It~ointer call,-data)

int remove..work..proc a (int)closur*;

if (remove-work-.proc ) f
XtWorkProcld work-id;
XtVaGetValues( w. IlauserData, *work-id, NULL )
Xtlamov*VorkProc( work-id

I
update..model.msg( TRUE ) Iupdate the message area

// take down the running dialog
XtflemoveillCallbacks( w. XmlcancelCailback )
XtPopdoan( XtParent( w ) );
XSync( XtDisplay( w ), 0 );
XmUpdateDisplay( get..top..shell( w )

void menu-.coniupre..cb( Widget w, XtPoiater closure, ItPointer call-data)

char buffer (l00J;
int item-.no a (int)closure;
static Widget create-scenerio..dialog a NUL;
double slapsed..tiue;

switch ( item-.no ) {
case 0: // user selected 'Create Scenario-."

if ( !cro utR.scenario..dialog ) {
createsa. '-As -io-ialog - ItVaCroatePopupShell( "create..sconario",

xuDialogSholl~idgetClass, get..top..shefl ( a
Itititle, "Create Scenario",
NULL );

Widget pane a ItVaCreat,- 0 iget ( "pane". xmPanedWindowWidgetClass.
create..scenario..dialog,
Xmisash~idth, 1,
Xmlsashicight. 1,
NULL);

IIset up the control area of the dialog
Widget control - XtlaCreateWidget( "control", xuFora~idgetClass, pane,

NULL );
XnString protspt..tezt a XmStringCreateSimp]%~(
"Enter your desired scenario i-iformation." )

Widget prompt a XtV&';- "teManagedaidget( "prompt". zuLabelWidgetCl~sss.
control,
Xu~labelString, prompt-text,
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ZultopAttachakent, * ZATTACI..FOIN.
Iullefttttachakent. I.ATTICI..FODN.
IaNrightkttachment, .ATrLCUJOIM,
XINalgipment. I.ALIONNIT...EGINNING,
NULL );

XuStringFree( prompt-text
Widget subtorm = prompt;
Widget label, text;
for ( int i a 0 ; i< XtNuuber( scenario..prompts J++i*

sublorn. a ltVaCre&atWidget( "sublor.". zmFor.WidgetClass,
control,
ZultopAttacbment. ImATTACL-WIDGM
I.ntopWidget. subf or.,
I.Nleftittachment, I.ATTACH-FORN,
ImffrightAttachment, XmATTACL-FOUN.
NULL );

if ( i -0 ) lt~aSetValues( subf orm. ZIntopOff set, 10, NULL )
label = ItVaCroatefanagedWidget( ucenario..prompts Ei],

xaLabel~idgetClass, uubf or.,
ZaltopAttachmezit. ImATTACNJORM.
Xaibottonhttachment, Z.ATTACL-FORM,
ImlleftAttachment, ImATIACK-FOIM,
Imlalignment, X.ALIGINET..IKGINNING,
NULL );

sprintf( buffer, "toxt..d". i )
text 0 ItlaCreateMenagedWidgst ( buffer,

xmTeztWidgetClass, *ubf or.,
ImNmaxLength, 10,
XaNtopittachuent, I.ATTACH-FORN,
mu~bottonAttachnent. X IATTACE-FORN,

XmNrightAttachment, I.ATTACHJFORN,
XmileftAttacbment, XmATTLCU..WIGKY,
Im~leftWidgat, label,
In~ieftOff set, 20,
NULL );

Xt~anagaChild( subf or.)

Zt~enageChild( control )
// set up the action area of the dialog
Widget action a XtlaCreat*Vidget C "action", x.ForuWidgetClass, pase,

In~fractiouiame, T.
NULL );

Widget ok a XtVaCreate~anagedWidget( "OK"1,
xmPueh~uttonWidgetClass, action,
IaitopAttachment, I.ATTACH-FORN.
IullbottonAttachment, IuATTACU FORM,
Imlleftittachaent, Z.ATIACL-PCSITION,
Zalleftposition, 1,
UaNrightittacbment, I.ATTACL-POSITION,
IlnrightPosition, 2,
ZulshovAnDefault, True,
ZuldefaultluttonShadovThickness, 1,
NULL );

ZtAddCallback( ok, Iulactivat*Callback,
try..croate..uconario..cb, "create...cenario" )

Widget cancel a XtVaCreate~enagedWidget C "Cancel",
zmPushButton~idgetClaxs, action,
Kaltopkttachuent, XnaTTACUJOIRX,
LIalbottomAttacbment, I.LATTACE.FOUM,
IalleftAttachment, Z.LATTACH-POSITIOU,

"IaeftPosltion, 3,
ZlNrightittachment, InATTACH-POSITION,
IlNrightPosition, 4,
Ialdefaultlutton~hadowlhickness. 1,
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It~ddCallback( cancel, IalactivateCallback,
take..dowan..nmed~cb, "croate..scenario"l );

Widget help a ItvaCreateuanagodtlidget( "Hlep".
zulushButtoA~idgetClass, action.
Zaltopittachuent. ZMATTACHLFORM.
IUlbottomAttachment, I.ATTACE-FUIN,
IMUlletAttachment. ZmATTACL-POSITON.
ZalleftPosition, 5.
ZoNrightAttachment, ZnATTACH-PISITION.
I.Nrightlosition, 6,
IaldefaultluttonSh-Ado icknemss 1,
NULL );

ItSetSensitive( help, False )
lt~anageChild( action )
ItNazaagChild( pane*)

ItxanageChild( create..sconario-dialog)
ZtPopup( create...cenario-Aialog, ZtGrablone )
break;

case 1: // user selected "Clear Scenario..."
if ( sinx.configure..clear( elapsed..time)){

IIfailed
generic..ask..unor( IDZIALOG..EUOR,

"Can't clear the model's scenario", "OK". NULL. YES )

else{
// succeeded
update..nodel-...g( TRUE)
log..print( "Scenario cleared in %7-3f seconds\n", elapsed..time )
sprin~tf ( buffer. "Scenario cleared in %7. 3f seconds". elapsed..time )
generic-ask..user( ImDIALOG..INFORRATIOI, buffer, "OK", NULL, TES )

break;

default:
fprinti( stderr, "EUOR~menu..configure..cb] impossible menu choico\n" )
exit( 1 )
break;

void menu..execute..cb( Widget w, It~ointer closure, ItPointer call-d~ata)

int item-.no u(int)closure;
static Widget slice..dialog a NULL;
static Widget ratio-.dialog a NULL;
static Widget run-until-dialog = NUL.L;

switch ( item-.no ) f
case 0: // user selected "Sot Time Slice..."

if ( !slice..dialog){
Arg args (3J;
JuString text = IaStrinS~reateSiiaplo( SLICE..DIhLOG..NSG )
ItSothrg( args EOJ, IuisolectionLeabolString, text )
ItSethrg( args [1), lalautoUnmanage, False )
ItSetArg( args (2), lalnolasize, True );
slice-.dialog - ZuCreateProaptDialog( get..top.-shell( v ) "slice",

arge, 3);
IuStriuglree( text )
ItVaSetlalues( XtParent( slice-.dialog )

Itititle, "Set Time Slice",
NULL)



InSelectionaozoetChild( slice-dialog. InDIALOG..NKLFJBrN ) * False )
ZtAddCallback( slice-diialog, IMlokCallback, try-set-tiae..ulice..cb, NULL )
XtiddCallback( slice-dAialog, XmlcaacelCallback, take-Aous-cb, NULL )

XtX"nagehild( slice-dialog )
ItPopup( ItPereat( slice-dialog ). lt~rablone)
break;

case I- // usar selected "Sot Tizoe Ratio..."
if ( !ratio-dialog){

Arg arga(3:);
ImString text a XmStringCreateSimple( ZATIO.DIhLOG-NSG)
ItS~thrg( arga (OJ. XaNseloctionLabolString. text )
ItS~thrg( args[II, ImlautoUnmanage. False )
ltSethrg( argsE2., Imlnolesize, True );
ratio-dialog a InCroatePromptDialog( get-top..shell( w ), "ratio".

arga. 3 )
InstringFree text )
ItVaSetlalues( ItParent( ratio-dialog )

Itititle, "Set Time Ratio",
NULL );

ItsetSensitive(
ZuSelection~oxGetChild( ratio-dialog, ZmDIALOG-JELP..3UTIO ), False )

ItAddCallback( ratio-.dialog, ZmlokCallback, try..uet-.time.ratio-.cb, NULM)
IthddCallback( ratio-dialog, IuicancolCallback, take..down..cb, NULL )

ItHanageChild( ratio-dialog;
ZtPopap( XtParent( ratio,-dialog ), ItGrablone )
break;

case 2: // tsar selected "Run"
IIput up the running dialog
IIset the cancel button to ".Stop"

ZuString stop w ZuStringCreateSimple( "Stop" )
ItVaSetValues( running-.dialog , IulcancelLabelString, stop, NULL )
InStringFree( stop );
// sot up the work procedure
ZtllorkProcld work-jd z XthppAddliorkProc( app, run..work..proc.

(ZtPointer)running..dialog );
XtlaSetlalues( running..dialog, ZaNuserData, work-id, NULL )
// use cancel button to stop run ("True" means to remove the work proc)
ZtAddCallback( running-.dialog, IulcancelCallback, dome.runniug-cb.

(XtPointer)Tre );

XtlanageChild( running-dialog)
XtPopup( It~arent ( running-.dialog ), ItGrabNone )

// set the last run tine to the current time
last..run-.clock..time aget..clock..time(
break;

case 3: // user selected "Run Until..."
if ( !run.until..dialog)
Arg args [3];
ZaString text a ZnStringCreate~iuple( RUN-WITIL..DZALOQMBG)
ItSet~rg( argsEO], IoNselectiouLabelString, text )
ItSethrg( args(1J, WmastoUnmanage, False )
XtSethrg( args [2J, laNnolesize * True );
runuantil-dialog a IzCreatoProwptoi&Iog( get..top..shell( w ),"run-until",

args, 3 );
XaStringFreo( text )
Ztys&etlalues( Itlarent( run..until.Aialog)
Xt~title, "Run Until",
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NULL );
ItSetSensitive( Imselection~ox~etChild( run..until-dialog,

IUDIALOGNS.PBUTTON ),* False );
XtAddCallback( rua..until-dialog, Iu~akCallback, try-run-until..cb, NULL )
ItiddCeallback( run..until-.dialog. mlacancelCallback, take-down.cb, NUJLL

ItHanageChild( run..until..dialog)
ItPopup( XtParent( run..until-dialog ), It~rablone )
break;

default:
tprintf( stdorr, "ERROR [aenu..execute..cbJ impossible menu choice\n" )
exit( I )
break;

void menu..til...cb( Widget v, ItPointer closure, ItPointer calldasta)

int item..no a (int)closure;
static Widget connect-.dialog = NULL;
static Widget nev..model..dialog a NULL;
static Widget open-model..dia~log aNULL;
static Widget save-as. dialog a NULL;

switch ( item-.no ) f
case 0: // user selected "Connect..."

it ( !connect..dialog)
hrg erge(3:1;
ImString text a XmStriagCreateSimple( CONNECT..DIALOO-.NG )
XtSethrg( args[0J, ZulselectionLabelftring, text )
ItSethrg( argstl (I.XmlautolUnmanago, False )
ltSethrg( args (2]. laNnolesize * True );
connect-.dialog a IuCreatePromptDialog( get..top-shell( w ). "connect",

args, 3 );
ImStringFree( text )
ZtVaSetValues( XtParent( connect..dialog)

Itititle, "Connect",
NULL );

ItSetSensitive(
ImSelectionBoxGetChild( connect..dialog, ImDIALOG..NELPBUTTON ), False )

XtAddCallback( connect-dialog, XuNokCallback, try..connect..cb, NULL );
XthddCallback( connect-.dialog, XmNcancelCallback, take..domn..cb, NULL )

XtManageChild( connect-.dialog )
XtPopup( ItParent( connect-dialog ), ZtGrabNozae)
break;

case 1: // user selected "Disconnect"
// attempt to disconnect from the database
if (!sim..db..disconnect()){

fI ailed
generic..ask..user( XmDIALOG-ERROR,

"Can't disconnect from the database", "UK", NULL. YES )

// succeeded
update-.model-.ang( FALSE)
log..print ( "Successful disconnect trom database\n" )

// Set parts of the the "File" menu sensitive and parts insensitive
Widget a&-menu;
it ( a-.menu = ItNameTovidget( toplevel, // Connect...

"maiu..vindov . menu.bar .popup-ftile..menu . ile..menu .button..0"))
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ItSotS*nuitive( a-.menu. True )
if ( &-menu a XtNameTo~idget ( toplevol. // Disconnect

"main..uindov .menu-be~r .popusp.f ile.ma~u .file-.neum.buttom1-"))

XtS~tSeasItive( a..manu, False );
if ( a..menu a ItlemoToVidget( toplevel, // Now Model...

"main..vindow .menu..ber .popupf ile..meau .file..meu .buttoa.2"))
ItSetSensitive( a-menu, False );

it ( a..menu u ItlaemTouidget( toplevel, // Open Model...
"main..vindou . mnu..ber .popup..file..menu .file.menu .button._3"))

ZtSstSensitivo( a..menu, False );
if ( a&-menu = XtllsmeTo~idget( toplevel. // Close

"main-vindow . mnu.ber . popup-tile..meu .file.aeu . button-4"))
ltSetSensitive( a-.menu, False );

it ( a-menu a XtlemeTo~idget( toplevel, // Save As...
"main..window-.menu.ber . popup.f ile..menu .file-menu .button-.5')

ItSetSsnsitive( a-.menu, False );

IISet the entire "Configure" menu insensitive
if ( a-~menu = XtNemeTo~idget( toplevel. "miain..vindov.menu..bar.button..1" ) )
XtSetSensitive( a-maenu, False );

IISet the entire "Execute" menu insensitive
it ( a..nenu, a ItlemeToVidget C toplevel * "main..uindou . meu.bar .button..2" ) )

XtSetSensitive( a..innu. False );

IISet the entire "Post Process" menu insensitive
if ( a..menu - Xt~am*To~idget( toplevel, "main-vindov.menu..bar.btutton..3" ) )

Ztsetsonsitive( a-.menu, False )

break;

case 2: // user selected "Now Model..."
if ( !naw..modal..dielog){
Arg arga [3J;
XmString text = ImStringfteateSimple( "Enter new model name:" )
XtSethrg( erg. [0). XmlselectionLabolString, text )
XtSethrg( args Li). INlautoflnmanage, False )
XtS~tkrg( arga [2), ImunoResize, True );
new..model-dialog a XmCreat*PromptDialog( get..top..shell( w

"new..model". ergs, 3 )
XmStringFree( text );
Xt VaSetValues ( XtParent ( new-anodel..dialog)

Xtititle, "New Model",
NULL );

XtSetSensitive( ImSelectionfloxGetChild( new..model..dialog,
IUDIALOG...UELB.UTTOU ), False );

XtiddCallback( new..model..dialog, ImNokC&llback, try..new-jhodel..cb. NULL )
ItAddCallbac-k( new-modol-dialog. XmNcancelCallback, teke..down..cb, NULL )

ItMenag.Child( new-model..dialog)
XtPopup( XtParent ( new..model-dialog ), Xt~rabNone )
break;

case 3: // user selected "Open Model...
if ( ! open..model..dialog){

Arg erga [4);
laString test - XmStringCreateSimple( "Existing Models" )
XtSethrg( args [0). ImjlistLabelftring. text )
ItSethxg( args Li], ImlsutoUnmAnage, False )
XtS~thrg( argsE2). ImimustMatch, True )
XtStktrg( erga [3]. Im~nolesize, True )
open..modol..dialog = ImCreateSelectionDialog( get..top..shell( w

"open..model", args, 4 )
ImString~roe( text )
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It Vva.t Values ( It~arent ( open..model..dialog )
Itititle. "Open Model",
MULL) ;

ItSetSemsitive( ImSelectionBox~etChild( opem..model-dialog,
ImDIALOG..IELP-JUTTON ), False );

XtUnmanageChild( XmSelectionloxGetChild( open-aodel-dialog,
XmDIALOG..APPLY..DUTfl3N ) );

XtlddCallback( open-model-dialog. ImuokCallback, try..opea..model..cb, NULL )
XtAddCallback( open..model..dialog, XmlcazicelCallback, take-dovn-cb, NULL )

char **models;
int size;
if ( ! sim..model..list..of.-existing( fmodels, size)){

generic-ask-user( ImDIALOO..EROR,
"Can't determine what models exist".
"OK", NULL, TES )

I
else{

if size -u 0){
generic-ankuser( ImDIALOG-INFORKATION,

"No models currently exist",
"OK", NULL, YES )

else{
ImString *items a (ImStrings)ItMalloc( size esizeot ( luString ))
for ( int i1 0; i < size ; i++ )

items Li] - mStringCreateSimple( models (iJ
It VaSet Value. ( open..model-dialog,

ImNlistltems, items,
Imilist ItemCount, size,
NULL );

while ( --i >a 0)
XmStringFreo( items~iJ ;I free elements af the array

XtFree( (char eOitems ); // now free the array pointer
Xt~anageChild( open..model.d~ialog );
ZtPopup( ItParent( opeu..model-Aialog ), ltGrab~one )

break;

case 4: // user selected "Close"
// attempt to close the current model
if ( 'im..model..close()){

fI ailed
generic-ask..user( XmDIALOG..ERFR,

"Can't close the current model", "OK", NULL, YES )
I
elseo
// succeeded
update-.model..msg( FALSE)
log-print ( "Current model clased\n" )

// Set parts ot the the "File" menu sensitive and parts insensitive
Widget a..menu;
it ( a-.menu - ItNameTo~idget C toplevel, // New Model...

"main..window .menu..bar .popup..tile..menu . ile..menu.button..2" )
ItSetSeauitive( a-menu, True );

it ( a-.menu a XtlameToWidget C toplevel, // Open Model..
"main..window .menu..bar. popup-..ile..menu .tile..menu .button..3" )
XtSetSenaitive( a-.menu, True );

it ( a-menu - tItamsToWidget( toplevel, // Close
"main..window . mnu..bar .popup..tile..menu. tile..menu .button-4"))
XtSetSensitive( a-.menn, False );

it ( a-.menu - XItame~ouidget( toplevel. // Save As...
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"main..wimdo. .memu..ber.popup..file-mernufile..monu button..S"))
ItSetSensitive( a-menu. False );

IISet the entire "Configure" menu insensitive
it ( a..menn a ZtlameToWidget ( toplevel, "main-wvindow .menu-.bar. button-. 1" ) )

ltSetSensltive( a-menu, False );

IISet the entire "Execute" menu insensitive
it ( a-.menu = Xt~ameToWidget( toplevel, "main-vindov.menu..bar.button..2" ))

XtSetSenaitive( &-.menu, False );

IISet the entire "Post Process" menu insensitive
if ( a-.menu aIt~ame~o~Iidget ( toplevel, "main-windo . menu..bar .button..3' ) )

XtSetSensitive( a-.menu, False )

break;

case 5: // user selected "Save As...
if ( 'save..as.dialog){

Aig args33);
XnString text a ImStringCreateSimple( "Enter model name to save as:" )
XtSetArg( args [03, XinNselectiomLabelString, text )
XtSethrg( args~l). XmlautoUnmanage, False )
XtSetArg( erg. [2), XmunoResize, True );
save..as..dialog = XmCreatePromptDialog( get-top..shell( w

"save..as", args, 3 )
ImStringFree( text );
XtlaSet Values ( XtParent ( save-as-dialog )
Xtititle, "Save As".
NULL );

ItSetSensitive( XmSelectionloxGetChild C save..as.disalog,
XmDIALOG-jELP.JIBrON ), False );

XtAddCallback( save..as.dialog, XmflokCallback, try~save..asceb, NULL )
XtkddCallback( save..as..dialog, XmNcancelCallback, take-down-cb, NULL )

Xt~anageChild( save-as..dialog )
XtPopup( ItParent( save..as..dialog ), XtGrabNone )
break;

case 6: // user selected "Exit"
// perform any required database cleanup then exit
if ( 'im..db.discomnect()){

//failed
generic-ask-.user( XsDIALOG..ERROR,

"Can't exit program: the disconnect from the database failed",
"OK", NULL, YES )

else
exit( I )

break;

default:
fprintf( stderr, "ERROR [menu..filo- cbJ impossible menu choice\n" )
exit( 1 )
break;

void menu-help-cb( Widget w, ItPointer closure, XtPointer call-.data

static Widget about-dialog = NULL;
imt iteim-no - (int)closure;
XmString text;
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switch ( item-.no ) {
case 0: // user selected "About SimBench..."

if ( !about.dialog )
Ar5 args[iJ;
ItSetArg( args[O], XmNuofesize, True );
about-dialog - IZCreatelnformationDialog( get.top.shell( w ) "about",

args., 1 );
XtVaSetValues( XtParent( about-dialog ),

XtNtitle, "About SinBench",

NULL );
xtSetSensitive(

XaNessageBoxGetChild( about.dialog, XmDIALOGKELPBUTTON ) False
ItUnmanaegChild(

IaMessageBoxGetChild( about-dialog, XmDIALOG.CANCEL.BUDTTON ) );
}
text a ImStringCreateLtoR( get-about.-message( ), XmSTRINGDEFAULTCHARSET );
XtVaSetValues ( about-dialog,

ImNmessageString, text,
NULL );

ImStringFree( text );
Xt~anageChild( about.dialog );
XtPopup( XtParent( about-dialog ), XtGrabNone );
break;

default:
fprintf( stderr, "ERROR[menu-help.cb] impossible menu choice\n" );
exit( i
break;

void menu.post.cb( Widget w, ItPointer closure, XtPointer call-data

char buffer[t0i ;

int item-no a (int)closure;
double elapsed.time;

switch ( item.no ) f
case 0: // user selected "View Map..."

if ( !map.dialog ) {
// create the map dialog the first time this menu choice is selected
create.map-dialog( );

}
update.map.dialog( );
ItNanageChild( map-dialog );
ItPopup( map-dialog, XtGrabNone );
break;

case 1: // user selected "Generate Report"
if ( :siu.oreport( elapsed.time ) ) {

// failed
generic.ask.user( XmDIALOG.ERROR,

"Generation of report failed", "OK", NULL, YES );
I
else{

// succeeded
log.print( "Report generated in %7.3f seconds\n", elapsedtime );
sprintf( buffer,

"Report generated in %7.3f seconds (to file \"SIM.REPORT\")",
elapsed.time );

generic.ask.user( XmDIALOG.INFORMATION, buffer, "OK", NULL, YES );
}

break;
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dIel ault
fprintf ( stderr, "ERROR menu.help..cbJ impossible menu choice\n" )
exit( I )
break;

void take-dovn..cb( Widget w. XtPointer closure, XtPointer cailldata

XtPopdouix( XtParent ( v ))
lSync( XtDiaplay( w ), 0 )
XuUpdateDisplay( get-top..shell( v )

void take..dovn-nained.cb( Widget v, X tPointer closure, X tPointer cailldata

Widget dialog;
char *dialog..name a (char*)closure;

if ( dialog a XtNameToWidget ( toplevel. dialog-.name)){
XtPopdoun( dialog );
XSync( XtDisplay( dialog ), 0 )
ImUpdateDisplay( get-top-shell( v ))

void try..comnect-cb( Widget w, XtPointer closure, XtPointer cailldata

ImSelectionBoxCallbackStruct *cbs - (ImSelectionBoxCallbackStruct*) call-data;
char *db~name;

if ( !XmStringGetLtoR( cbs->value, XmSTRING..DEFAULT.CKARSET, kdb-name)){
fprintf( stderr, "ERROR [try..connect-cbj XmStringGetLtoft failed\n" )
exit( I )

Ifattempt to connect to the database
if ( Iim-db-connect( db..neme)){

IIfailed
generic..ank..ser( XmDIALOG-.ERROR,

"Can't connect to the database you have specified".
"OK", NULL, YES )

else{
// succeeded
XtPopdovn( XtParent( v )
XSync( ItDisplayC w ), 0 )
XmUpdateDiuplay( get..top..shell( v ))

log..print ( "Successful connect to database V's"ndb..nsme

// Set parts of the the "File" menu sensitive and parts insensitive
Widget a-.menu;
if ( a-.menu - XtlameToWidget( toplevel, // Connect...

"main..vindow .menu..bar .popup..file..menu .file..menu .button..O" ) )
XtSetSensitive( a-.menu, False );

if ( a-.menu - XtlameToWidget( toplevel, // Disconnect
"main-vindou .menu..bar . popup.Jile..manu. file-.menu .button.- V' ) )
ItSetSensitive( a-.menu, True );

if ( a-.menu a XtNameToWidget( toplevel, // New Model...
"Imain..vindo . menu..bar .popup..file..menu .file..menu .button..2" )
XtSetSensitive( a-.menu, True );

if ( a-.menu - XtNameToWidget ( toplevel, // Open Modal...
"main-wvindow -menu-.bar .popup.f ile..menu . file..manu .button-.3"))
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ItSetSensitive( a...enu. True )

ZtFr**( db-.asme )

void try-create-scenario..cb( Widget w, * tPointer closure, ZtPointer call-data

char buifer[100J;
Widget dialog, toxt-..O text-1, tezt-2;

// get the values of the three test widgets
if ( ! ( tezt..0 = ZtNameToWidget( toplevel.

"create-.scenario. pans. control. subform. text..0"))){
fpriukti( stdorr. "ERROR try-create-scenario-cb] unable to find tertO.\n" )
emit( I )

if ( (text..1 - XtlsmeToWidget( toplevel.
" create- scenario. pane. control. subf arm. text_ 1"
fprintf( stderr, "ERROR[try-.create..scenario-cb] unable to find textlI\n" )
exit( 1I)

ift I tezt..2 a ItlameToWidget( toplevel,
"create..scenario.pane. control. subtorm.text..2"))){
fprintf( stderr, "ERROR [try.create-scenario~cbJ unable to find text_2\n" )
exit( 1 )

IItry to get the numbers input by the user
char *num..aircraft-char a XmTextGetString( text-O )
mnt num-aircraft a atol ( num..aircraft-char )
XtFree( num..aircraftt.char );
char snum..trucks-cher - XmTextGetString( text-I )
mnt num-trucks = atoi ( num-trucks-cher)
XtFree( num-trucks-char );
char ehexboard..size-char - ZmTextGetString( text-2
mnt hexboard..size a atoi( hexboard-size..char )
XtFroe( hexboard-size-char );

IIcheck that the values are valid
II(if any of the values are zero the input is invalid)

if (( num..aircrsft < 1 )11I( num-aircraft > 100000 )I
( um..trucks < 1 )11 I( num-trucks > 100000 )11I
(hexboard..size < 1 ) I I ( hexboard-.size > 10000)){
IIfailed - invalid input

generic-ask-user( XmDIALOG..ERROR,
"The values you have specified are invalid".
"OK", NULL, YES )

else{
double elapsed-time;
if ( 'sim..coniigure..create( num-.aircraft * num..trucks, hexboard..size,

elapsed..time ) ) {
IIfailed - database problem

generic-ask..user( XmDIALOG..ERROR,
"Unable to create the scenario in the databaself
"OK". NULL, YES )

elseo
// succeeded
update-.modelsmag( TRUE )
log..print( "Scenario created in %7.3f seconds\n", elapsed-time )
aprint-f( buffer, "Scenario created in %7.3-f seconds", elapsed-time )
generic-.ask..user( XIDIALOG..INFORNATION, buffer,

"'OK", NULL, YES )
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// popdown the create scenario dialog
if ( dialog In XtlemeToWidget ( toplevel, "1create scenario")){
XtPopdown( dialog );
l3ync( XtDisplay( dialog ), 0 )
XmUpdateDisplay( get..top..shell( w ))

void try..now.model-cb( Widget v, Xt~ointer closure, Xt~ointer call-data

IuSelectionioxCallbackStruct *cbs - (ImSelectionBoxCallbackStruct*) call..data;
char emodelnamne;
double elapsed..time;

if ( !XmStringGetLtoR( cbs->value, * STRING..DEFAULT..CHARSET, ftodel-name)){
fprintf ( stderr, "ERROR [try..nevjaodel-cbJ XmStringGetLtoR failed\n" )
exit( 1I)

IIattempt to create a new model
if (!sim..model..new( model..nmme, elapsed-time)){

IIfailed
generic..ask-.user( ImDIALOG..EROR,

"Can't create the model you have specified".
"OK". NULL, YES )

else f
// succeeded
update-model..msg( TRUE )
log-print( "Model \"%*\" created in %7.32 secondaun",

model..name. elapsed..time )

XtPopdown( ItParent( v ) );
ISync( XtDisplay( w ), 0 );
XmUpdateDisplay( get-top-shell( w ))

// Set parts of the the "File" menu sensitive and parts insensitive
Widget a&-menu;
if ( a-.menu a XtNameToWidget ( toplevel, // New Model...

"main..vindow menu..bar .popup..file-nenu. file..menu .button..2" )
XtSetSensitive( a-.menu, False );

if ( a-.menu - XtlameTouidget C toplevel, // Open Model...
"main..vindov .uenu.bar .popup..file..aenu . ile..menu .button_.3" )
ItSetSensitive( &-.menu, False );

if ( a-.menu - XtNameTo~idget( toplevel, // Close
"main..vindov . enu..bar .popup.f ile-menu .file..menu .button..4" )
XtSetSensitive( a-menu, True );

if ( a-.menu a XtlameToWidget( toplevel. // Save As_.

XtSetSensitive( a-.menu, True );

//Set the entire "Configure" menu sensitive
if ( a-.menu a XtlameToWidget C toplevel, "main..vindow . menu-.bar . button-. 1"

ZtSetSensitive( a&-menu, True )

IISet the entire "Execute" menu sensitive
if ( a-.menu n XtlfameToWidget ( toplevel, "main..vindo . menu..bar .button..2" ) )
ItSetSenxitive( a-.menu, True );

IISet the entire "Post Process" menu sensitive
if ( a&-menu = XtNameToWidget C toplevel, "main..vindow .mnu..bar .button-3"1 ) )
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Ztsetsonsitivs( a-.menu, True )

ItFr~e( model-name )

void try..open..uodel..cb( Widget ., ItPointor closure, It~ointer call..data

ImSelection~oxCallbackStruct *cb. a (ZeS~lection~oxCallbackStructe)call..data;
char emodel..name;
double elapsed..time;

it ( ! lmStringGetLtol( cbs-)Ivalue, InSIRING-DEgAULT..CNADET, hmodel.n~amg e
fprintf ( stdorr, "ERROR [try..open..modol-cbJ XuStrin~getLtoR failed\n" )
exit( I )

IIattempt to open the specified model
it ! siam.odel..open( model-awn.e elapsed..tine)){

1/failed
generic..ask..user( ImDIALOG-ERRfJR,

"Can't open the model you have specified",
"OKI". NULL, YES )

else{
// succeeded
update..model..msg( TRUE )
log-print ( "Model \"Xs\" opened in %7 .3f seconds\n".

model-.name, elapsed-.time )

XtPopdoun( XtParsnt ( v ) );
XSync( XtDisplay( v ), 0 );
ImUpdateDisplay( get..top..shell( w )

// Set parts of the the "File" menu sensitive and parts insensitive
Widget &_.menu;
if ( a..menu a Xt~lameTouidget( toplevel, // 1ev Model...

"meain-..indo .menu..bar .popup-file..menu. file..menu .button..2" )
ItSetSensitive( a-.menu, False );

if ( a-mnenu a XtjlameToWidget( toplevel, // Open Model...
"main..uindo .menu-bar .popup-file..menu. file..menu .button.3" )
ItSetSeuuitive( a..menu, False );

if ( a..menu a Xtgam*ToWidget( toplevel, // Close
"main..uindo .menu..bar .popup..file..nenu. file..menuu.button..4" )
ItSetSensitive( a-.menu, True );

if ( a&-menu a Xtlam*ToWidget ( toplevel. // Save As...
"nain-..indo . menu..bar. popup.f ile..menu. file..menu .button_.5 )
XtSetSensitive( a..menu, True );

IISet the entire "Configure" menu sensitive
if ( a-menu = XtlameToWidget ( toplevel, "main..vindo .menu..bar .button..I" ) )

ItSetSensitive( a&-menu, True );I

IISet the entire "Execute" menu sensitive
if ( a-.menu a XtvameToWidget( toplevel. "main..vindow.menu..bar.button..2" ) )

1tSetSensitive( a..nenu, True );

IISet the entire "Post Process" menu sensitive
if ( a&-nenu II KtlameToWidget( toplevel. "main..vindou .menu..bar .button..3" ) )

ItSetSensitive( a-.menu. True )

ItFreeC model-.name )

void try..run-util-cb( Widget v. XtPointer closure, ItPointer call..data
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char buff er[100];
ImSelectionBozCallbackStruct *cbs a (XaSelection~oxCallbackStructe)call-data;
int curront-sim.time;
char sgoaL~time~char;
hit goal..tine;

// read the desired goal time
it ( Ilm&StringoetLtoft( cbs->value, XaSTRIUG..DEAULT..CEAIET,

&goal..time..char ) ) fC
fprintf( atdorr, "ERROR [try..raun.util-.cbJ ImStringGotLtol tailed~n" )
*sit( i )

I
goal-time uatoi( goal-time-char )
Xt~ree( goal-time-.char );

// check the current simulation time compaired to the goal time
current...im..time a sim..got.current..aim-time( )
if (goal-.time <= curenut.sim..time ) fC

IIcan't run the simulation backwards
sprintf( buffer, "Can't simulate in reverse (at simulation ti,"i)

current-sim-time );
generic..ask..user( XIDIALOG-ERPAR, buffer ,"OK", NULL, YES )

// set up to perform the run until
rul-until-goal..time = goal-.time;

// take down the run until dialog
ItPopdown( XtParent( w ) );
XSync( XtDisplay( w ), 0 );
XmUpdateDisplay( get-top-shell( w )

Uput up the running dialog
IIset the cancel button to "Stop"

XaString stop a XmStringCreateSimple( "Stop" )
ItVaSetValues( running..dialog , MecancelLabolString. stop, NULL )
ImStringFree( stop );
// set up the work procedure
ItWorkProcld work-id a Xtkppkdd~orkProc( app. run-until..work-proc,

(ItPointer)running-dialog );
XtVaSetValues( running-.dialog, XmluserData, work..id, NULL )
// use cancel button to stop run ("True" means to remove the work proc)
XtAddCallback( running-dialog, XmNeancelCallback, done..running-cb,

(XtPointer)True );

Xt~anageChild( running-.dialog )
XtPopup( XtParent ( running-~dialog ), ItGrablone )

// start t-be timer for the run until
global-'im~er anew stopwatch( )

void try-save.as-cb( Widget w, XtPointer closure, XtPointer call~data

XmSelectioniozCallbackStruct ecbs - (ImSelectionioxCallbackStruct*) call-data;
char *model-name;
double elapsed..time;

it ( lImStringGetLtoR( cbu->value, X.STRING..DZFAUJLT_.CRLSEr, kmodel..name o
fprintf( stderr, "EORR0Rtry..aave.as-cbJ XmStringGetLtoR failed~n" )
exit( 1 )
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IIattempt to save the current model under "model-name"
if ( 'im..model..save..as( model-neme, elapsed tins)

fI ailed
generic..ask.user( InDIALOG..KNAU,

"Can't save the current model as the model you have specified".
"OKI'. NULL, YES )

else{
// succeeded
log..print( "Current model copied to \"%a\" in %I.3.f secouds~n",

model..nane, elapsed..time )

XtPopdovn( ltParent ( w ) );
ISync( XtDisplay( w ), 0 );
ImUpdateDisplay( get..top..shell( w )

// Set parts of the the "File" menu sensitive and perts insensitive
Widget a-.menu;
if ( a-menu a XtlameTo~idget( toplevel. // low Model...

"main..vindov .menu..bar. popup..file-.aenu. fileamenu.buttou..2" ) )
XtSetSensitive( a-.menu, False );

if ( a-menu a ItlemeTo~idget C toplevel, //I Open Model...
"ulajn..window. mnu~bar.popup..file..menu. file.meu .button.J3" ) )
ItSetSensitive( a..menu, False );

if ( &-.menu a Xtlemelo~idget( toplevel, // Close
"main~vindow.nmeu..br.popup..file..uenu.file..msnu button-.4"))
ltSetSonsitive( a-.menu. True );

if ( a-.menu a Itlamelo~idget( toplevol, // Save As...
"uain..window.menu.ber. popup.f ile-..ueu.file..menu.button..5"))
ItSetSensitiveC a..aenu, True );

IISet the entire "Configure" menu sensitive
if ( a-.menu II ItlameToVidget( toplevel, "main-..indov.menu~bar .buttoa..i" ) )

XtSetSensitive( a-.menu, True );

//Set the entire "Execute" menu sensitive
if ( a..menu a ItlemeToWidget C toplevel, "main..window.menu..ber .button..2" ) )

ZtSetSonsitive( &-non, True* );

//Set the entire "Post Process" menu sensitivet
if ( a..menu w XtlN=*lo~idget( toplevel. "main..vindow.menn-.ber.button..3" ) )

ItSetSensitive( a..meau, True )

ItFree( model..name )

void try..set..time.ratio..cb( Widget w, It~ointer closure, Xt~ointer call-data)

ImSelection~oxCallbackStract *cbs - (XuSelectionflozCallbackStruct*)call..data;
char *ues tine ratio char;
double ne...tine..ratio;

if ( ! IuStringGetLtoft( cbs->value, * ZSTRINO.DEFAULT..CIARSEr,
fnev..time..ratio..char ) ) I
fprintf( stderr, "ERURORtry-set..time..ratio..cbJ ZnStringaetLtoR failed~n" )
exit( 1I)

new-time..ratio a atof( nev..tiue..ratio..char )
XtFree( nev..time..ratio..char )

if Cnev..time..ratio <= 0.0){
IIinvalid tine ratio
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generic..ask..user( ZIDIALOG-.UIOI.
"The time ratio you have specified is invalid".
"OK", N=L. YES )

else {
// set the time ratio
sim..swt..time..ratio( nes..time-ratio )

log..print( "Time ratio set to %f\n". sim..get-time..ratio( ))

ItPopdown( ItParent( w ) );
ISync( XtDisplay( w ). 0 );
Imgpdateflisplay( got..top..shell( v )

void try-set-.time-slice..cb( Widget w, * tPoizater closure,* ItPointer call~data)

ImSelection~oiCallbackltruct Ocbs a (ZuSelection~oxCallback3tructe)call..data;
char enew..time-..lice-char;
mnt new..time-slice;

if ( SIbdtrisgOetLtoR( cbs->Yalue. * ISTKING..DEAULT-.CIUMET,
&neu..time..slice-char ) ) {
fprintf( stderr, "KUOMR~try..set..time..slice..cbJ IuString~etLtot failed\n" )
ezit( 1 )

I
neu-time-slice a atoi C nev-tiue..slice-char )
ItFroe( nev..time..slice..chsr)

if (new-time-slice 4 i1
IIinvalid time slice

generic..ask-user( Z.DIALOGOflIUi,
"The time slice you have specified in invalid",
"01", N=LL. YES )

else
// set the time slice
sim..set-time..slice C nev..time..slice )

log..print( "Time slice set to %Aun", sim..get-tine..slice( ))

ItPopdoun( XtParent( w ) );
ISync( ZtDisplay( w ), 0 );
Zmflpdateflisplay( get..top..shell( w )

void npdate-.up..cb( Widget w, ItPointer closure, ItPointer call-data

IIcheck to ensure that there is a current model
if C!sim.get-current..model..name()){

IIthere is no current model
genericask-user( ZoDIALOO-EARlR,

"The current model has been closed, so the map can't be updated".
"OK", NULL. YES )

else{
// call the function to update the map dialog
update-mapdialog( )
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I//I
I/Il It Work Procedures
I//i

Dooleen run..until..uorkjroc( ltPointer cli.nt..data)
{

hrg srguC2J;
mt a;
char bufferEiGO);
Widget running..dialog * (Widget)client..data;
mt stop.work.proc * FALSE;

II get the current simulation time
mt currentuin..time u sim.�getcurrent...im..time( );

II set up label.
sprintf( buffer, "Running to time .... at time Zd", ruzLuntil4oal..time,

curreat..sim.time );
Inltring message * Zu5tringCreateSimple( buffer );
laString button u ImStringCreateSimple( 'Done" );
a 0;
ItSetirg( argsCaj. ImlmessageString, message ); n4.;
if ( current..sim..time )* run.until4oaLtime ) C

II the simulation run i. done

II stop the run until timer
double elapsed..time * global..timer->stop( );
delete globel..timer;
log..primt ( "Running until simulation time �d took 27. 3f seconds�n,

sim..getcurrent.im.time( ), elapsed..time );

stop..workproc u TRUE;
Itsethrg( ergs(nJ, ImlcancelLabelString, button); 344;
ItlsmoyeAllCsllbachs( running.Aialog, ZmlcsncelCallback );
ItiddCallback( running..dialog, ImlcencelCallback, done.running..cb.

(ItPointer)False);
II "ring" the user
Uell( ItDisplay( running...dialog ) * 50 );

}
else {

II execute a time slice of simulation time
mt step..sim..goal..time * current.sin..time 4 sim..get.time..slice( );
if ( step..sim...goal..time � run..until...goal..time )

step..sim.goel...time * rununtiLgoaLtime;
if ( I sim..run..until..smn..goel..time( step.sim..goal..time ) ) {

II failed
generic..ask...user( ZDIALOG..ERRDR,

"Simulation failed execution",
"OX", NULL, IRS );

}
I
ItSet Values ( running.Aialog, ergs, n
RmStringFree( message );
ImStringFree( button );



double current-clock..time a get..clock-.time( );
it ( curreat-clock.time )- next-clock..tias..to-ju)

Widget running..dialog w(Widget) client..data;

// read the time slice and time ratio
mnt time-slice a sin-get-tlne..slice( )
double time..ratio a sim..get-time..ratio( )

// run the simulation through a time slice
mnt current-sim..time = sin..get-carrent-siu..time(
it (Isin-run..until..sio~goal..tiue( current-sin..time 4time-slice o

IIfailed
generic.,ask-usar( aDMIALOGAR.33301

"Simulation failed execution".
"OK", NULL, YES )

double clock-time..elter..run a get-clock..time( )

// calculate run timing statistics
double duration..of.run a current..clock-.time - last-run..clock..tlme;
double daration..of..run..in.sis a clock..time..after-rua - current..clock..time;
double actual-time..ratio a duration..ot.run / (double) time..slice;
last..run-clock-time = current-clock..time;

// change dialog label
char buffer (400];
sprintf( buffer, "Runing... at time Wdn"

"Desired tine ratio: %7.3f\nu"
"Actual time ratio: %7.3f\n"
"Total time duration: X8. 4f seconds\n"
"Total tine duration simulating: %8.4f seconds",
sin~get~current~sim..time( ).
tine..ratio * actual-time-ratio,
duration..of-run * duration..ofrun..in..sim)

ZoString message a IuStringCreateLtoft( buffer, InST ING..DEFULT..CIAfSET;
XtVa~etlalues ( rusaing..dialog. XolmessageString. message, NULL )
Instrinmjree( message );

// calculate next clock time to run
next -clock..time.-to-rxun a current..clock..tine +~

(doubl.)time.slice * time-.ratio;

IIalways continue work procedure until stopped by user
return FALSE;

liiGeneric Ask User Routines

static void generic. ask..user..response..cb( Widget w, XtPointer closure,
XtPointer call-data)

IuhnyCallbackstruct Ocbs w (InAnyCallbackStructs)call..data;
int *answer a (intb~closure;

switch ( cbs->reason){
case IMCKLOX:

*answer a YES;
break;

case ZmCR..CANCBL:
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seamover a 10,
break;

imt generic..ask..uar( unsigned char dialog-.type,* char *quest ion,
char *ansver-yes, char *answer..no, int default-answer)

static Widget dialog a NULL;
static int answer;

it ( !dialog ) I
Arg arga (2J;
ItSethrg( argu 0], IiNldialogStyle, I.DIALOG..FULL..APPLICATION..MODAL )
XtSethrg( arga (1). IiNnolosize * True );
dialog = InCreateffessageDialog( toplevel, "dialog", a rg. 2
ItletSensitiwe( IinNeusageloxGetChild( dialog,

XaDIhLOG..NIP-JUTTON ) * False );
XtAddCallback( dialog, IuJ~okCallback * generic...amk.user..responsecb,

(lt~ointer)&answer );
ltiddCallback( dialog, IlacancelCallback, generic- mk-user-.response-cb,

(XtPointer)kanswer )

answer a 0;
XaString text a ImltringCreateliimple( question)
Zaltring yes w XultringCreateliaple( answer..yea
laltring no a XultringCreateliuplo( answer..no )
Itlaletlalues ( dialog,

Xinldialoglype, dialog-.type,
Xalmessageltring. text,
Zu~ckLabeIString, yes,
IalcancelLabelltring, no,
Zuildstault~uttonType, defoult...nsweruuTES?

XmDIALOG..OK..UTTI01 XmDILOG-UCACEL-BUTTON,
NULL );

lultringlree( text )
IuString]Free( yes )
WatringFree( no )
// only show the cancel button it "answer-.no" is not NULL
if ( answer-no )
Ztlanagochild( ZumessagsloxGetChild( dialog, XaDILLOG-.CANCEL..IUTTU

also
ItUnmanageChild( XmlessageBoxGetChild( dialog, XZDIhLOG..CANCEL-BUTTON ))

// set the dialog title based upon the dialog type
switch ( dialog-type ) {

case XNDIALOO..ERRAU
XtV&SetValues( Xtlarent( dialog ). tititle, "Error", NULL )
break;

case InDIALOG-IUFUDIATIOU:
Xt Valet Values ( XtParent ( dialog ), tltitle, "Information". NULL )
break;

case IaDIILDG-JESSAGE:
It~aSetValues( XtParent( dialog ) Itititle, "Message", NULM)
break;

case ImDIALOG..QUESTION:
Xt~aletlalues( XtParent( dialog ). tititle, "Question", NULL )
break;

case InDIhLOG..WAUIXNG:
XtlaSetValues( XtParent ( dialog ),Itltitle. "Warning", NULL )
break;

case XaDZALOG-VORXIUG:
It~aSetValues( ItParent( dialog ),Itititle. "Working". NULL )
break;

default-.
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fprintf( stderr, "ERROR generi c- ask-~user] impossible dialog type\n" )
exit( I )
break;

ItMaaaeCh~ild( dialog )
XtPopup( XtParent( dialog ). Xt~rablone )

IIwhile the user hasn't provided an enswer. simulate the main loop
II(note that the mode is X DIALOG- ULL..*PPLICATIOI.-NODAL so the
IIshould not notice this 'takeover" of the program)

while ( answer uno 0 )
XtAppProcesxlvent( app. XtIMAll )

ItPopdomn( ZtParent( dialog ) );
ZSync( ItDisplay( dialog ).0
ImUpdateDisplayC toplevel )

return answer;

3.1.21 simulate.hh

The source code for the file simulate.hh is listed below.

Sifudef --- SIMULATE..NE
Sdefine --- .. SIHULATEJI

* C #888 88 *8 8
*88 58 ## # # #So**

e~~ #*8# * cae

simulate .hh

Air Force Institute of Technology
Timothy J. Halloran
15 Aug 1993

#define TRUE I
*define FALSE 0
void aim..add..players..to..hexboard( )
int aim..configure-clear( doublek elapseod-time )
int sim..contlgare..create( int nuu..aircralt, int nuu-trucks, int bezboard-size,

double& elapsed..time );
int sim..db.connect( char* db-.name )
mnt sim..db..disconnect( );
char *sim..get..current~model..naue( )
mnt sim..got.current..uim..time( );
int sim-get..hexboard.sixe( intk hezboard..width, intk hexboard.height )
double aim-get..time..ratio( )
int sim..get..time..sliceC )
mnt sim..aodel..close( );
int sim..model..list..of..existing( char ***models, int& size);
mnt sia..model-new( chars scenario-nome,* double& elapsed-time)
int sim..nodel..open( chars scenario-jiame. doublet elapsed-.time)
int aim..model-sav...as( char* scenario-.name. double& elapsed~time )
mnt siu..report( doublek elapsed..time );
mnt simm..nuntil-.sim..goal..time( int goal..sim..time )
void sim..set.time..ratio( double new..time-ratio );
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void sim-set-tiae..slice( int neu..time..slice )
8endif ---..SINULATLIN

3.1.22 simulatexcc

The source code for the file simulate. cc is listed below.

#888
* 8 8 8 88 8 8888 3868

mimulate .cc

This module controls interactions between the Motif user interface
(sand hence the user) and the object-oriented DBMS.

Air Force Institute of Technology
Timothy J. Halloran
15 Aug 1993

*includs~ostore/oztore .hh>
Iinclude<ostore/coll .hh>
Sinclude~ostor*/relat hh>
*iuclude<Zm/1m.h) // only needed for It memory management (i.e. ItMalloc)
Siuclude<stdio.h>
Sinclude<stdlib .h>
*include<debug.hh>
Oinclude"hexplay .li"

$include "location. .Ih"
8iacludo"stopvtch .bh"
8include'd~ic . hh"
Sinclude'lexpon .hb"
tincludel'simulate .bh"
8includeuaodel .hh"
#include"event .hh"
#include"environ .hh"
einclude"player .hh"

#include"hoiboard .hh"

Sincludellaircraft .hh"

*include"truck .hh"

*define TRUE 1
#define FALSE 0

8d~fine STREAM I
8define FETCU..SIZE-IN..TTES 8192

static char eaircraft-home bases [10)*
"NONE-BASEO", "NOME-DASEI", "HOME-DASE2"1, "BOME-BASE3", "HOME-BASE411,
"ROME-BASES", "HOME-BASEG", "HOME-BASE7", "HOME-BASEa", "HOME-BASE9"1

static char *truck..types EioJ ]
"TRUCK-TTPEO", "TRUCK-TYPEI", "TRUCK-TTPE2" * "TRUCK-TTPE3" "TRWCK-TYPE4",
"TRUCK-TYPES", "TRUCK-TYPE6" * "TRUCK-TYPE7", *"TRUCK-TYPEB"1, "TRUCK-TYPES"

static char *truck.-payloeds [10) 1
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"CARGO-TYPEO". "CAIGO-TYPEl". "CA.RGO-TYPE2" * "CARGO-TYPES" * "CARGO-TYPE4".
"CARGO -TYPES". "CARGO-TYPE6". "CARGO -TTPE7 " "CARGO-TYPES", "CARGO-TYPE9"

1;

static char *misc..sim-.data[iOJ ]
"O10000-SIN-O0000-SIN-OO000-SIM-OO000-SDI-O0000-SIM-".,

"22222-SIN-22222-SIM-22222-SDI-22222-SIM-22222-SIM-",
"133333-SIM-33333-SIM-33333-SIM-33333-SIN-33333-SIM-"1
"644444-SIM-44444-SIM-44444-SIM-44444-SIN-44444-SIM-",.

"66666-SIM-E6666O-SIM-66866-SIM-6S666-SIN-66866-SIM-",
"77777-SIM-77777-SIN-77777-SIM-77777-SIN-77777-SIM-"1
"88888-SIN-88888-SIM-898888-SDIN-8888-SIN-88888-SIM-",
"99999-SIN-99999-SIM-99999-SIN-99999-SIN-99999-SIM-",

IIdeclare functions used in this module
static model eget-curreat..aodol( )

IIglobal and module variables
os..database odb a NULL; IIrequired to be here by ObjoctStore
persistent<db> os..workspace *sim-us - NULL;
persistnt<db> ou..Set~fodel*> emodel::eztent 0;

static char *current-model..nae a NULL;
static int connected..to.Ab a FALSE;
static int time..slic* a 1
static double time-.ratio a 1.00;

static model eget-current-model()

DEBUG..INII "SIMULATE" , "get-current-.model" )
DEBUG-OUT( "entering", I );

DEBUG..OUT( sprintf ( BUG, "looking up modal VIAs"". current..model..name )*2 )
IIuses the global variable "'current.Aodel..nam@" to get a pointer to
1/the current model in the database
II(the database must be within a transaction to call this function)

return ( *mod.1: :extent ) L~strcmp(name,current..model..name)auOX);

void sim-.add..players-to..hexboard()

DEBUG..INIT( "SIMULATE" , "aim..add..players..to..hexboard" )
DEBUG..OUT( "entering". I )
mnt pos~i. pos..y;

do-.transaction 0{
model ecurrent..model a get-current-model( )

// add all the simulation players to the hexmp
for Cenvironment em a current..model->first..member m m am->next){

if ! C strcmp ( m-)quory ( "CLASS" )."AIRCRAFT" ))I
( 'trcmp( m->query( "CLASS" )."TRUCK" ) )){

decode..location( m->query( "LOCATION" ), posx-x pos..y
add..player..to..hexboard( m->query( "CLASS" ), in->query( "MAKE" )

posax, pos.y )

int sim..configure..clear( doubleR elapsod-time
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DEDUGINIT( "SIMULATE" , "ouim.configure-clear" )
DEBUG..OUT( "entering", 1I)

stopwatch timer;
timer.start( );

TIX-HANDLE(all..exceptions)
do-.transaction 0()

model *current..model a get-current-model( )
// clear out the current model
current..model->clear( )

TilEXCEPTIOM
return FALSE;

TIX-END-HAJDLE

*lapsed..time - timer.stop( )

return TRUE;

int sim..contfigure-.creat*( int num.a~ircraft, * t num..trucks, int hexboard~uize,
doubicb *lapsed-time)

DEBUG._INIT( "SIMULATE" , "sim..configure..create" )
DEBUG-.0UT( "entering". I )
int i;
char new-name (101;
char new-location (10];

stopwatch timer;
timer.start( );

TIZ-H.ANDLE(all..eseeptions)
do-.transaction 0) {

model *current-jaodel - get-current..model( )
// clear out the current model (just in case the user forgot to)
current..model->clear( )
// create the hexboard
current..model->add..environment..member ( new (db * current~model->model..config)

hexboard( "NEIOARD" * hexboaxd-size, hexboard.size ))

IIcreate the trucks
for ( i a 0 ; i < num..trucks ; i++

sprintf ( new~name, "GND-%05d". i )
char *new..type - truck-.types [roll( 0, 9, STREAM )J;
char *new-payload a truck-payloads [roll( 0, 9, STREAM)J
char *new..misc~sim~.dst& - misc..aim~data~roll( 0, 9, STREAK A);
encode..location( new-location,

(int)roll( 1, hexboard-size, STREAM )
(int)roll( 1, hexboard..size, STREAM ))
IIcreate a single truck and add it to the model's environment

truck anew-truck - new(db, current-model->model-config)
truck( new~name, new~type, new..payload,
now-.location, new..misc-aim-data );

current -model->add-environment -member( new-.track )
// schedule an initial "MOVE" event for the truck
current -model- >schedule ( new-truck, now-name,

current-model->sima.tiine + (int)expon( 600.0 , STREAM ),"MOVE" )

/1 create the aircraft
for ( i a 0 ; i < num..aircraft ; i*+ )

sprintf ( new~name, "AIR-%O5d", i
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char eneu..home-base - aircraft..home..bases [roll( 0. 9, STREM )h;
char eneu..,inc.sim-data - misc..sim..data [roll ( 0, 9, STREAM )3;
encode-location( now-location,

(int)roll( 1, hezboard..uize, STREAM )
(int)roll( 1. hexboard-nize. STREAM ))

IIcreate a single aircraft and add it to the model's environment
aircraft *nev-aircraft - nov (db, current-model->model-config)

aircraft( now-.name, nev-home~base, nev..location, nevw.aisc..sim..data )
current..model-a&ddeuv ironment -member( now-.aircraft )
// schedule an initial "MOVE" event for the aircraft
current..-model-> achedule ( newuaircraft, now-.name,

current..model->sim-time + (int)expon( 60.0 ,STREAM ),"MOVE" )

TII-EICEPTION
return FALSE;

TIX-END-. ANDLE

elapaed..time - timer.stop( )

return TRUE;

mnt sim-db..connect ( char* db..naze)

DEBUG..INIT( "SIMULATE" , "sim-ft-couniact" )
DEBUGOUT( "entering". I

objectstore::initialize( )
os..collection: :initialize( )

TIZ..NANDLE(all..exceptions)
// open the database
db - os..databaae::open( db-name )

// tell ObjectStore not to read the entire segment
db->set -read-wihole-segment( FALSE );

// set the fetch policy of ObjectStore to fetch a number of bytes at a time
db->set.-fetch-policy( os..fetch-page, FETCHSIZE..IN..DYTES )

do-transaction 0 (
os..vorkspace: :set-current( sim..vs

TIX-EXCEPTION
return FALSE;

TIX..END-R ANDLE

connected..to~db = TRUE;
return TRUE;

mut sim-.db-disconnect()

DEBUG..INIT( "SIMULATE" , "sim-.db.disconnect" )
DEBUG..OUT( "entering". 1 );
if ( !connected-to-db ) return TRUE;

// make sure there is no current model
if ( current-model-name ) j
free( current..model..name )
current..model..name a NULL;
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TILHRAPDLE(all-erceptions)
// close the database
db->close( )

TIX-EXCEPTION
return FALSE;

TII..END-HANDLE

connected..to-db = FALSE;
return TRUE;

char Cairn get-current-model-name (
I

return current .model..name;

mnt aim-get-current-.sim..time()

DEBUG..INIT( "SIMULATE" , "sia-get-current~siin-time" )
DEBUG-OUT( "entering". I )
mnt currefltsij-time;

do-.transaction 0 {
model *current-jiodel - get-current..model( )
current..sim-.tiine a current-model->sim-time;

I

return current..sil~time;

int *iu..get..hexboard.size( int& hexboard-width, int& hexboard-hoight)

DUBUG-IHIT( "SIMULATE" , "sim-get-hexboard..aize" )
DEBUG..OUT( "entering", I );
mnt found..hexboard = FALSE;

TIL-HANDLE(a~ll-exceptions)
do-.transaction 0 f

model *current-model - get-current..model( )

// determine the size of the heimap
f or (environment em - current-.model->first..member ; a m->next){

if (!strcmp( a->query( "1NAME" ).* "HEIOARD")){
hexboard.vidth a atoi( m->query( "WIDTH" ) )
hexboard..height uatoi( m->query( "HEIGHT" ))
found..hezboard =TRUE;

break;

TIX-EICEPTION
return FALSE;

TIX..END-JANLE

if ( ! found..hezboard )return FALSE; IInever found the hexboard.

return TRUE;

double sim~get.tiue~ratioC

DEBUG..INIT( "1SINMUATE"1 . "sim..get-time..ratio" )
DEDUG-OUT( "entering", I )
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return time.ratio;
}

int sim.get-tine.slice( )
{

DEBUGINIT( "SIMULATE" , "sim.get.tim9.slice" );
DEBUGOUT( "entering". I );

return time.slice;
}

int sim..odl.-close( )
{

DEBUG.INIT( "SIMULATE" , "sim-model.close" );
DEBUGOUT( "entering". 1 );

// closing the current model just involves removing the name from
"I/ "current-.model-name"
it ( current.model.name ) {

free( current-model-name );
current.model~name = NULL;

return TRUE;

int sim.model.list..ofexisting( char **emodels, intk size)

DEBUGINIT( "SIMULATE" , "sim.-model-list.ofexisting" );
DEBUG.OUT( "entering". I );
static char **existing-models - NULL;

TIX-_ANDLE(all-exceptions)
do-transaction 0 {

existing.models a (char**)XtRealloc( (char*)existing-_odels,
model: :extent->cardinality( ) * sizeof(char*) );

size a 0;
foreach ( model *m, *model: :extent ) {

existing-models[size++] a strdup( m->name );
I

I
TIX.EXCEPTION

return FALSE;
TIXI.END.HNDLE

emodels a existing.models;

return TRUE;
I

int sim.model-new( char* model-name, double& elapsed.time )
{

DEBUG_111T( "SIMULATE" , "sin.model-neV" );
DEBUG.OUT( "entering". 1 );
int already-exists n FALSE;

stopwatch timer;
timer.start( );

TIXHANDLE(all.exceptions)
do-transaction 0 {

// ensaure that the new model name is not already in use by another model

foreach ( model em, *model::extent ) {
if ( !strcmp( model.name, m->name ) )

already-exists a TRUE;
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I
I
if ( already.exists ) return FALSE;
do-transaction ()

os.configuration omodel.config a new(db) os.configuration( );
new (db. model-config) model( model-nem, odel.coaig );
// save the nane so the model may be attached to when needed
current.model.name a strdup( model-name );

I
TIX.EXCEPTION

return FALSE;
TIX.ENDHANDLE

elapsed.time a timer.stop( );

r urn TRUE;

I

int sim.model.open( chars model-nes.e double& elapsed-time )
{

DEBUG.INIT( "SIMULATE" , "sia.model_open" );
DEBUG_0UT( "entering', 1 );

stopwatch timer;
timerstart( );

TIX_-fAIDLE(all.exceptions)
do.transaction 0)

// make sure that the model exists in the database
model ecurrent.model a ( model: :extent ) [•strcmp(naae,modelname)=O%]J;
// save the name so the model may be attached to when needed
current.model.name a strdup( model.name );

I
TIXEXCEPTION

return FALSE;
TIXENDHAJDLE

elapsed-time = timer.stop( );

return TRUE;
I

int sim-model.saveuas( char* model.name, doubled elapsed-time)

DEBUG.INIT( "SIMULATE" , "simnmodel-save.as" );
DEBUG.OUT( "entering". I );

stopwatch timer;
timer.start( );

TIXSANDLE(allexceptions)

do.transaction 0)
// copy the model, but don't change the current model
os-configuration *model.config = new(db) os.configuration( );
new (db, model-config) model( get.current-model( ), model.name, model-config );

I
TIIEXCEPTION

return FALSE;
TIXENDHANDLE

elapsed.time - timer.stop( );

return TRUE;

1
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int sin.report( double* elapsed.time )
{

DEBUG_.IXIT( "SIMULATE" , "siu.report" );
DEBU(_OUT( "entering" . );
FILE ortile;

it ( ( rfile = topes( "SI.-REPORT" . "Vt" ) ) =N ULL ) {
return FALSE;

stopwatch timer;
timer.start( );

TIX.NANDLE(all.exceptions)
do.transaction 0 (

model 'current-model a get-current-model( );

// report all the logitems
fprintf( rfile, I --------------------------------------------------- \n" );
fprintf( rfile, " AFIT SiBench REPORT (SIN TIME: %d sec)\n",

current-model->simtime );
fprintf( rfile, - ------------------------------------------------- \n" );
fprintf( rfile, "1109 1 %10s I %10s I ZlOs\n",

"AIRCRAFT", "TRUCK", "LOCATION", "SIN TIME" );
fprintf( rfile, " ----------------------- \n"- );
for ( logitem *1 a current.model->first.logitem ; 1 ; 1 l->next ) {

l->output( rfile );
}

iprintf( rfile, " --------------------------------------------------- \" );I

TIXEICEPTION
return FALSE;

TIX.END..U•IDLE

elapsed-time a timer.stop( );

fclose( rile );

return TRUE;
}

int simrn..auntil-siamgoal-time( int goalmsimmtime )
{

DEBUG.INIT( "SINULATE" , "simrun.-until.sim.goal.tine" );
DEBUGOUT( "entering", 1 );

TIARANDLE(all.exceptions)
do.transaction 0 {

model *current-model = setccurrent-model( );
current.model->run.until-sim.goal.time( goal.sim.time );

}
TIX.EICEPTION

return FALSE;
TI'X.END.IANIDLE

return TRUE;
}

void simn.set.tin..ratio( double new-time.ratio )

DEBUG.INIT( "SIMULATE" , "sim.set-time.ratio" );
DEIBUG.OUT( "entering", 1 );
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tium.ratio a ns.atie..ratio;
)

void eiu..et.tine.slice( int new.time.slice
{

DEBUG.INIT( "SIMULATE" , "sim.set.time.slice" );
DEBUG.OUT( "entering", 1 );

time.slic. w now-time.slice;
I

3.1.23 truck.hh

The source code for the file truck.hh is fisted below.

fIifdef ...--TRUCK.-9
#define ._.TIUCK.HR
/.

IIIISII

8 t # 0 8 8 88

* 8 8 8 88 88• 8

8 8 # O8I8 88S* 8 8

truck.hh

Air Force Institute of Technology
Timothy J. Nalloran
20 Aug 1993

C'

Oinclude"player .hh"

class truck : public player {

char nuaE~iO];
char typet12J;
char payload[12];
char locationuEO3;
char misc.-.isdata[51];

public:

truck( char *nmeo, char etype, char *payload, char elocation,
char *misc.-simdata );

environment *clone( os.database *db, os.configuration emodel-config );
void e*ecute( char *message, model* sim..odel );
char *query( char *data.iteu);

I;

gendif .. _TRUCK._H

3.1.24 truck.cc

The source code for the file truck. cc is listed below.

'C

••##

8 8 8 88 88814
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truck .cc

Air Force Institute of Technology
Timothy J. lalloran
20 Aug 1993

Revisions:
30 Sep 1993 -TJE- Removed a11 class inline functions due to compiler

limitations (CC compiler is not a "full" C*+).
0/

*include~ostorelostor*.hh>
Sinclud*<ostore/coll hh)
*includ*<ostore/rslat hh)
Sinclude~atdio h>
*include~stdlib .h>
#includ*<string .h>
*include<debug.hh>
#include~model bh"
Sinclud*"track .hh"
*includ*"dice .hh"
Oinclude~expon .hh"
tinclude"location .hh"

#def ine STREAM 1

truck: :truck( char *name. char *type, char *Payload. char *location,
char *uisc..uim.dafk

DUBUG-.1IIT "TRUCK" ,"truck: :truck" )
DDBU`GJUT( "entering", 1 );

strncpy( truck::name, name . 9 )
truck::name[9j a \*
atrncpy( truck::type, type, 11 )
truck: :type[11J a \;
strncpy( truck: :payload. payload, It )
truck::payload[11J a * P
strncpy( track!.:location. location, 9 )
truck: :locatioa[9] a \#
strncpy( truck: :misc-sia-data, misc..sia..data, 50 )
truck: :misc..aim.data[S50aJ\ *

DEBUG..OUT( aprintf( BUG, 11%s %o %s Ws, name., type, payload. location ),2

environment *truck: :clone( *&-database *db, oa..configuration smodel..config)

DEDUG..IUIT( "TRUCK" , "truck: :clone" )
DEBUO..OUT( "entering", I );

environment ec a new(db, modal-config)
truck( name, type, payload, location, uisc..sim.data)

return c;

void truck: :execute( char *message, model* sim~model)

DUBUG..INIT( "TRUCK" , "truck::execute" )
DEBUG..OUT( "entering", 1 )
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DEDUG_.OUT( pri'Lntf( BUG. "message is VIA\"". message ). 2 );
it ( !strcap( message, "NOVTE' ) ) {

// execute the "OTvi" event
int hexboard..vidth, hexboardoheight;

// determine the size of the hexuap
for ( environment ce a siu._modsl->first..mmber ; a ; * * e->next ) {

if ( strcap( *->query( "IAME" ), "IKEBOARD" ) ) {
hezboard..idth = atoi( e->query( "MIDTU" ) );
hexboard-height a atoi( e->qunry( "DIXGIT" ) );
break;

}
}

// move the truck
random.move( location, hexboard.-idth, hexboard-height );

// schedule the next move for this truck (exponential with mean 600.0)
si-_model->schedule( this, name,

siu..model->sima.tie + (int)expon( 600.0 , STEAM ).
"NOTE" );

I
else {

fprihtf( stderr, "UAIUIEG~truck-Ws] unknowa nessage\n". name
I

}

char struck: :query( char *data-item)
{

DEBUG.IIIT( "TRUCK" , "truck: :query" );
DEBUG.OUT( "entering", 1 );

if ( !strcmp( data.item, "CLASS" ) ) {
return "TRUCK";

I
else if ( !strcmp( data~item, "INE" ) ) {

return name;
I
else if ( !strcup( data-item, "TYPE" ) ) (

return type;
I
else if ( !strcap( data-item, "PAYLOAD" ) ) {

return payload;
I
else if ( !strcmp( dataitem, "LOCATION" ) ) {

return location;
I
return "ERROR";
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